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All Nylon 
Adjust-O-Lok Headgear 


Nylon, lightweight and non-conductive, lends 
its superior, long wearing strength to every part 
of this completely redesigned arc welding 
helmet headgear. 

The large, easy to handle winged knob and 
the gear, both of Nylon, engage a Nylon head- 
band to give fine adjustment to head size while 
helmet is worn. Headband is molded in one 
piece with a cross strap, now also adjustable, 
over the top of the head. 

The headband adjustment is entirely enclosed 
in a Geon sleeve, smooth fitting against the 
head. A cork-lined sweatband is optional. 


q Nylon Friction Pivots Straight Front Helmets 
All pivot parts are Nylon, except the entirely with Fiber Glass Shells 


enclosed spring, so no current can pass through 

to the wearer’s head. New winged nuts provide To those who prefer helmets of this popular 
easier hand adjustment from the outside with- shape, JACKSON now Offers a line of helmets of 
out taking the helmet off. A stop, located inside the same quality as its curved and narrow shell 
of the helmet shell, is attached to one of the styles, with the same new features. Made of 
Nylon pivots to halt the helmet’s down move- fiber glass, strong, smooth, easy to clean, 
ment, and is quickly adjusted to the exact resistant to heat and moisture, they last. 


position you may require. 


YOUR CHOICE OF: 


3 HELMET SHELLS... CURVED SHELL NARROW SHELL STRAIGHT SHELL 
3 LENS HOLDERS... PLASTIC FIXED FRONT METAL FIXED FRONT PLASTIC LIFT FRONT 


All Lens Holders and Headgears are Interchangeable 
Made by the World’s Largest Manufacturer of Arc Weld- Jackson Products 
ing Electrode Holders, Ground Clamps and Cable Fittings, 


Sold World-Wide through Distributors and Dealers. WARREN - MICHIGAN 
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The WHEELER”’ Weldmobile — With this new 
improved “self-propelled” unit, your welding operator can 
get to the job on a moment’s notice. No waiting for truck 
or tractor. No waiting for electricians. One engine serves 
operator’s needs for both transportation and welding. A 
valuable tool that lets you weld anywhere without involving 
extra help and added cost. 


5205 
Z Standard Gas Engine Drives 
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300-400-600 amp. sizes 
j 
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Special built-in features on all Hobart Welders make them outstand- 
ing for top performance and convenience of operation. You have a 
choice of many types and sizes that lets you select the right welder 
for your particular work. Saves on maintenance and emergency repair 
work. Keeps equipment working. Eliminates expensive replacement 
parts, disassembly and costly delays. Makes construction jobs faster 
and more profitable. Choose AC or DC or a combination welder and 
auxiliary power for running tools, lights, motors, etc. Write today 
for complete information. HOBART BROTHERS CO., Box WJ-117, Troy, 
Ohio—or Phone FE-21223. “One of the world’s largest builders of arc 
welding equipment.” 


most @F G) 6 


MOST COMPLETE 
LINE OF 


ARC WELDERS ON ! 
utomatic and Semi- \ 
Electric Drive AC/DC Combination DC Rectifier automatic equipment i 
i 


iw HOBART BROTHERS CO., Box WJ-117, Troy, Ohio 


Tell me more about a ampere welder. 
R “Self-Propelled” Standard Gas Drive (“Contractor's 
SPECIAL WELDING Special” “Husky Boy” AC/AC Combination 
At-No-Extra-Cost JOB o1 o2 O03 O4 | Color Head Shields 


(I'd be interested in trying the new Hobart Electrodes. 


Invaluable for per- 


sonnel or property You can be ssured of quality 
identification. Reinforced electrodes with Hoba mplete J > i 
plastic with new moulded type control of manufactur ethods Name — a. 
lens holder that eliminates from basic n to finished a 
leaks. Comes in Red electrodes. Samples offer proof j 
Green—Yellow—White of superiority. Write today, no Fi a, 
and standard Grey. obligation. ~ 
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The beautiful new DC-7 UNITED MAINLINER now placed into 
transcontinental service by UNITED AIR LINES represents the 
hest money can buy: every minute detail for the travelers’ safety. 
comfort. pleasure and swift transportation has been incorporated 
into this speedy plane. Its cost is about $1.750.000, Each individual 
turbo-compound engine. and there are four of them, costs some 


$65.000.00 and they offer the traveler a cruising speed of 365 mph. 


We are proud, indeed. that our company’s regulators were selected 


a component of such an outstanding selection of construction parts 
as comprise this marvelous product of the engineering and con- 


struction genius of the Douglas Aircraft Company. You. too. are 


fully justified to place your confidence in these fine pressure regu- 
of 
california 


lators which today serve the most critical buyers. 


would you like us to mail you the full 


en) details of design and construction fea- 

i S$ ree eee tures described and color illustrated in 
the 44 page regulator brochure. form 
No. 4... it’s yours for the asking. 


NA Welding equipment COMPONY... 215 sremont street san francisco 5 
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To Reduce 


Production 


Costs... 


> Get Mallory Standard Welding Electrodes 


From Your Mallory Welding Distributor 


When you’re looking for ways to cut costs in 
resistance welding, call on your nearby Mallory 
Welding Distributor. He carries the most com- 
plete line of standard resistance welding electrodes 
ever offered. And he can help you select standard, 
delivered-from-stock electrodes for many fabri- 
cating jobs for which you may have been using 
expensive, custom-made tooling. 


In the Mallory line are fluted and round hole 
Elkaloy"-A and Mallory-3" electrodes in all three 
standard Morse taper shanks. . . dome, flat and 


In Canada, made and sold by Johnson Matthey and Mallory, Ltd., 


110 Industry Street, Toronto 1 Ontario 


Serving Industry with These Products: 


Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 


Metallurgical — Contacts * Special Metals * Welding Materials 


Resistors * Switches * Tuning Devices * Vibrators 


center-insert Elkonite’ -faced electrodes...5 types 
of socket electrodes . flat and centered male 
and female threaded Elkonite-faced electrodes 
with Elkonite shanks... and 24 types of irregular 
electrodes of various dimensions and tapers. 

The complete line is described in Mallory’s new 
catalog of standard resistance welding electrodes. 
Ask your Mallory Welding Distributor for your 
copy. If you are not yet acquainted with a 
Mallory Distributor, write Mallory for the name 
and address of the one serving your area. 


OVER 30 YEARS OF RESISTANCE WELDING LEADERSHIP 


P. R. MALLORY & CO. Inc., 


INDIANAPOLIS 6, INDIANA 


For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio 
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Weld sheet metal 


Weld heavy plate 


NOW .... one blowpipe 
handles all your welding, 
cutting and heating needs 


New OXWELD W-47 


Cut metal 


Here's another Linpe “first”... the all new Oxwetp W-47 Welding Blowpipe. Backed by 
more than half a century of experience and engineering skill, the new W-47 Blowpipe offers 


you a host of efficiency-increasing features never before available in a single welding blowpipe. 


Widest Work Range— Weld sheet metal as thin as 28 gage or the heaviest plate. Convenient 
cutting attachment quickly converts the W-47 to flame-cutting work on metal up to 8 in. thick. 


Largest Flow Capacity—Handle any oxygen or acetylene flow from 2 to 300 cu. ft. per hour. 
With fuel gas heating heads you can handle total gas flows up to 1500 cu. ft. per hour! 


Improved Mixer—New cartridge-type mixer in each head provides thorough, proportionate 
mixing of gases and prevents flashback—at all working pressures. 


Trouble-Free Construction—New features include “OQ” ring gas seals, self-seating valves, 
and spring-lock welding heads. Stainless steel mixing tubes keep the blowpipe handle cool even 


during ‘round the clock operation! J 


Full Selection of Accessories- The W-47 offers the largest selection of accessories ever 
available for use with one blowpipe. In addition to standard welding heads and cutting 


attachment, a full selection of accessory equipment for flame-priming and descaling is available. 


TRY THE NEW W-47 IN YOUR SHOP 


Take advantage of all the new features of the Oxwetp W-47 in your own shop. Call your 


nearby Linpe office to arrange for a demonstration or write for free booklet F-1 107. Do it today! 


LINDE COM PANY owision of 


30 East 42nd Street, New York 17, N.Y. 
In Canada: LINDE COMPANY, Division of Union Carbide Canada Limited, Toronto 


“Linde,” “Oxweld" and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 


CORPORATION 
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GIANT HAIRPIN PICKLING HOOK de- 
flects only 2 inches under 21 2-ton load. The 
Youngstown Welding and Engineering Com- 


Two sure ways 
to get sound welds on 
giant Monel fabrications 


Assembly of this huge pickling hook involves two weld- 
ing jobs — welding Monel nickel copper alloy to itself 

. and Monel to Monel-sheathed steel. 

Insert (1) shows how Youngstown welds a Monel 
support rib to the Monel I-beam hook. Here, “60” 
Monel* wire in an inert gas consumable electrode weld- 
ing unit, proves a hard-to-beat combination for getting 
predictable weld quality on a production basis. No flux. 
No slag removal. No preheat necessary. 

Insert (2) shows how the end of the Monel I-beam 
is joined to the Monel-sheathed steel spreader beam. 
A different welding job. The I-beam must actually be 
welded to the steel beneath the sheathing. So Youngs- 


Electrode 


> 


pany fabricates hooks of Monel: beams of 
Monel-sheathed steel. “60° Monel wire and 
“140” Monel electrode insure reliable welds. 


town uses “140” Monel* electrode especially developed 
by Inco for metal-arc welding Monel to steel. It, too, 
gives predictable weld quality. 
Do you have a welding problem? 

A booklet, “Inco Welding Products”, lists the wide va- 
riety of welding products available, suggests materials 
for specific applications and gives pertinent data on 
selection. Send for a copy. You'll find it helpful. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street IN New York 5, N. Y. 
INCO 


INCO WELDING PRODUCTS 


ELECTRODES - WIRES - 


FLUXES 
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COOPERATION IN WELDING RESEARCH 


Editor 


B. E. Rossi Current annual expenditures for research in the United States 
! have been estimated to be about ten billion dollars. Although the 


Individual still remains an important factor in research, today’s 


Assistant Editor 


R. R. Irving teamwork approach is becoming more and more necessary in Many 
research projects. 
g In this ever-widening research picture, an organization such as 


Catherine M. O'Leary 


the Welding Research Council finds a logical and unique niche in 


the general scheme. The Council neither attempts, nor is ex- 


Officers of the Society 
C. P. Sander 


pected, to produce spectacular ‘new products’ or patentable dis- 


coveries. On the contrary, its strength and usefulness lie in other 


President 
G. O. Hoglund directions. 
1st Vice-President One of the most important functions of the Welding Research 
C. |. MacGuffie Council is educational. This educational activity covers various 
2nd Vice-President levels and specific fields. 
H. E. Rockefeller The Council works closely with some thirty-five leading uni- 
Treasurer versities in the United States and Canada through researches by 
F, L. Plummer undergraduates, graduates, fellows and faculty. This educational 
Secretary work starts with the formulation of projects, development of 
F. J. Mooney hypotheses, discussions at committee meetings, planning of ex- 


Asst. Secretar. ; : 
d perimental work, analyses of experimental results and, after the 


E. A. Fenton 
results are obtained, their presentation in the form of papers 
Technical Secretary 


before national meetings ol Engineering Societies and publication 


of research reports. In a way, this is a continuous educational 


Welding Journal Committee ; 
process, In this edueational activity one of the most useful 


E. J. Tangerman 
g functions of the Council is fulfilled in the services of representatives 
Chairman 


E of code-writing bodies on the project committees. This service 
J. E. Norcross 
results in their gradual education and acceptance and utilization 


Vice-Chairman 


H. R. Clauser 


of test results. thereby cutting to a small fraction the usual time 


lag between the production of results in the research laboratory 


O. B. J. Fraser and the general acceptance and utilization of these results by 
John Haydock practicing engineers. 

C. L. Helms 
C. G. Herbruck 
John McCracken 
A. G. Oehler 
G. W. Place 
A. V. Scherer 
R. D. Stout 


William Spraragen 


DIRECTOR 


) G COUNCII 


Lt 
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Now equipped with a new and larger Onan 12.9 hp 
engine, the new Miller AEA-200-L produces a full 
225 amperes of continuous rated, high cycle weld- 
ing current or, 5 KW of 110/220 ac power for — 
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| Contractors, weldors, farmers and 

have shown a continuing high regard for 
s weatherproof ruggedness, easy porta- 

starter, rubber tire running gear and 

ok acturing pany, Inc. WISCONSIN: 

distributed in Canada by CANADIAN LIQUID AIR CO., LTD. ,. | 


Fabricator of gasoline storage tanks reports that cost of welding ends on tanks has been reduced by 


25% since changing from manual arc welding to new COs» process. 


Tank is rotated by power-driven 


roller below welder’s platform where automatic equipment for process is also located 


A NEW CO, WELDING PROCESS 


High deposition rate, a visible arc and sound weld metal 


are the principal advantages reported for new automatic CO, welding 


process which makes use of a bare flur-cored electrode 


Introduction 
The new CO, semiautomatic and automatic welding process for 
mild steel described in this paper is the result of a deve lopme nt 
program that had three specific objectives: (1) a high rate 
metal deposition, (2) a visible are, and (3) sound weld metal 

The first two were not hard to arrive at. The third—getting 
sound weld metal presented obstacles, 

The problem of porosity in weld metal is a familiar one in the 
welding industry. It is believed to be caused principally by 


earbon and oxygen, joining to form either carbon monoxide 


A. F. Chouinard is manager of Research and Deve 

and R. P. Monroe is manager © echnical Service Depart 
with National Cylinder Gas Co., Chicago, I 
Paper presented at the 1957 AWS National 
to 12th, Philadelphia, Pa 
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BY A. F. CHOUINARD AND R. P. MONROE 


carbon dioxide The these gases is not 


harmi ll! aspects il yhnere they form, and at 


idification of the molten metal. 


harmtul The 
what time they form during the sol 


Reports in welding literature lead to the conclusion that the 


s combine at a temperature just above the solidification 
If they form far 


netal so that they 


range, or freezing point, o 


enough below the surface 


nnot rise ind escape [ro become trapped 


ind form porosity 
The solution to the problem was the introduction of materials 
into the molten metal that degasified it, that scavenged it, and 


it the same time prote | from the atmos- 


phere 


The new process using lectrode, achieves all 
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PLUK ABOUT 16". BY WEIGHT 
CONSISTING OF 


DEGASIFIERS 
SCAVENGERS 
SLAG FORMERS 


Fig. | Steel tubing is securely close together and contains 
flux filler 


Fig. 2. Welding equipment used with flux-cored electrode 
process 


three of its objective ind does it without the usual excessive 
spatter that uy oOo now has been associated with CO welding 
processes It Iso has other advant izes 
Description of the Process 

The process is similar to those that have found wide 
acceptance in the welding of stainless steels and non- 


ferrous metals. Its salient feature is its ability to weld 
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any type of mild steel, using CO, gas for shielding. 


The electrode is of special design and composition, 
and is fed through a semiautomatic gun, or automatic 
torch head, to the welding are. Both are and weld 
zone are blanketed by the atmosphere of CO, gas, 
which also is fed through the gun or the automatic 
electrode holder or torch. 

The electrode is the key to the success of the process, 
as it controls the chemistry of the weld metal. The 
electrode is made by forming a steel strip into a cylin- 
drical tube, and filling the interior with a specialls 
prepared core material containing the degasifiers, 
scavengers and slag formers. 

This process provides advantages over the usual 
types of bare wire, COs» gas-shielded welding processes, 
and retains the advantage of visibility of these proc- 
esses. The submerged-are processes hide the are but 
provide good welds, while the usual CO. processes 
show the are, but cannot provide some of the other 
desirable features. The new process has the best 
features of both; it permits operator to see where he is 
going and still provides a high grade weld. 

Figure 1 shows an enlarged view of the steel tubing 
that is securely closed together and that contains the 
flux filler. The lower portion of the illustration shows 
the comparative sizes of the filler and the steel shell, 
and the sizes of welding electrodes now available. 

This composite electrode Is suitable for welding both 
killed and rimmed plain-carbon steel. The application 
of the electrode and the physical properties obtainable 
will be described later on. The least expensive shielding 
gas used in this process is carbon dioxide. “The quantity 
used is simply the amount required to maintain a shield 
around the welding zone. The average is from 25 to 
10 cu ft per hour. The quantity is not critical and 
the only restriction is that it should be welding grade 
CO. having a dewpoint of —40° F or lower. 

If argon or helium is used, the are is not as smooth 
as when CQOs is used. Argon or helium must be 
mixed with the proper amount of oxygen to obtain 
a smooth are action. This is evidence that in the new 
process the flux materials in the core and the oxygen 
supplied by the CO, have been properly proportioned 
to produce smooth, quiet are action. 

The process has been developed for use with direct 
current, reverse polarity. luture development may 
permit the use of straight polarity or alternating 


current when a need for such modification appears. 


Description of the Welding Equipment 


The smaller electrode sizes up to * yo in. diam may be 
used at currents up to 550 amp through the semiauto- 
matic hand welding gun and the small automatic 
equipment. The larger electrode sizes must be used 
with the heavier duty automatic equipment, due prin- 
cipally to the stiffness of the welding electrodes. 

The equipment used in this operation is similar in 
size and shape to the equipment used in the welding 
of aluminum and stainless steel, and is shown in Fig. 2 
Both the manual gun and the automatie welding head 
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are water-cooled to withstand the high heats de- 
veloped during welding. A dial on the side of the 
manual gun controls the feed rate of the electrode and 
may be adjusted during the welding operation. Once 
the speed of the feed wire is set, it is controlled auto- 
matically by only one thyratron tube The feed rate 


ot the electrode Is not dependent upon arc voltage or 


3 EXAMPLES 


/a 


5 


size - 32 
ELECTRODE FEED 225 270 110 


SURRENT 300 650 800 
VOLTAGE 26 28 29 


WELDING SPEED 40 35 25 


Fig. Welding data for plate thickness from '/, to in. 


TYPICAL WELDS 


JOINT PREPARATION 


Fig. 4 Positioning of plates before welding and cross sec- 


tion of weldss 


¢ 


Fig. 5 Typical fillet-weld cross sections 
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Table 1—Process Variables 


electrode feed 60 to 600 in. min 
Torch travel speed 20 to 100 in. /min 
Welding current 200 to 1200 amp 
Welding voltage 20) to 35 volts 
Rate of metal depositior 10 to 50 lb/hr 
Current density, “0 to 74 ka/sq in, 


are current but is set independently by the operator 
the eorrect operat speed required The 


trigger on the gun is a latching type, and controls the 


starting and stopping of the welding operation 


The gas cups are specially designed to insure that the 
shielding vas does not interfere with the are 


The eircuitry ol the manual gun control is arranged 


to provide touch starts It is only necessary to have 
the wire projecting about * , in. from the cup of the 
welding gun and touch it to the work, then the following 
actions take place 1) the shielding gas and water 
start to flow, (2) the previously chose welding current 
burns off the electrode nd (3) the wire teed motor 


starts and feeds the electrode to the are at the pre-set 
speed 

The operator needs only to move the welding gun at 
the eorrect speed ilong the olnt Whe the weld is 
completed, he SIMply pushes the trigger on the gull 
to stop the weld \ dditional control predeter- 
mines the length of the electrode extending from the 
cup alter ea h weld 

The constant-potential direct-current supply is best 
suited to this operatiot Onee the proper settings of 


the equipment have been made reasonably wide 


range ol welding oltuges MV eXIst across the arc 
without having them seriously varv the current 
supplied to the welding ar Che welding machines 


used with this equipment are of the rectifier type. 


Range of Process Variables 
\s in most welding processes, the welding current 


range, and 


and voltage mav be adjusted ove 
the case of continuous electrode welding, the wire feed 
speed can also be adjusted 

These are illustrated in Table vhich indicates the 
range of these variables 

The chart shows the wide range of adjustment avail- 
able with the different sizes of electrodes that can be 
used with this process, and speci exaunples for a 
number of single pass welds are shown in Fig. 3. It 


mav be observed that there is some ariation of the 


current density per u cross-sectional area of elec- 
trode in this process Chis is to be expected as the 
eurrent density decreases \W ith ine reasing Cross-sec- 
tional area of the electrode 

welding data for plate thick- 


Che data also show that the 


Figure 3 shows actual 
nesses , to 1! 
are voltages are relatively low. The last line contains 
the important information: how fast the weld metal is 
deposited It shows that the welding speed on i In. 
plate is 40 or almost 5 Ipm 
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Figure 4 shows photos of cross sections of welds, 
together with the positioning of these plates before 
welding The degree ot penetration, the contours of 
the weld deposits, and the shape of the weld cross 
sections can be seen in these views 

It is interesting to note the contour of a fillet weld 
produced by this process. This is shown in Fig. 5. 


Note that there is no evidence of undercutting. 


Applications of the Process 

The electrode has not vet been developed for vertical 
or overhead welding Nearly all of the welding is done 
in the flat or horizontal position 

Most types of joints may be welded by this process. 
Butt welds, lap welds and fillet welds are easily made 

The eleetrode is suitable for the welding of low- to 
medium-earbon steels and has even been used satis- 
factorily for welding steels up to one percent manganese 
and up to one-half percent chrome, and one percent 
molybdenum. Since these materials are used as 
alloving elements in T-1 and A202 steels, such steels 
may also be welded satistactorils 

The usable range of plate thicknesses that mias he 
welded is from 10 gage up. Single-pass welds may be 
made in plate thicknesses up to */y in. using * ye-In 
electrode 

No special preparation either on the surface or the 
edge of the plate is necessary prior to welding. Con- 
ventional preparation is all that is necessary, and some 
scale and rust can be tolerated without adverse effects 
on the soundness of the weld. It is also unnecessary 
to use preheat treatment on any of these materials: 
but certain materials that need postheat treatment for 
stress relieving show an improvement in- physical 
properties 

The flux in the core of the electrode shows up as a 
slag that eovers the surface of the weld, both during 
and after the weld has cooled The slag Is relativels 
thin and it erackles as it begins to crack off during the 
cooling of the weld. [t is not a tightly adhering slag 
One quick stroke with a wire brush will not only loosen 
it but will practically sweep clean the entire surface of 
the weld 

In multiple-piass welding, it is necessary to clean this 
slag between passes, but its friability makes it easy to 
remove. bigure 6 shows how the slag comes away in 
large pieces. The slag has also been observed lifting 
away from many welds. This upward curling action is 
obviously due to the shrinkage on the upper, or cooler 
side of the slag 

Before the photograph for Fig. 6 was taken, the slag 
was loosened slightly Some of the smooth surface 


of the weld can be seen 


Physical Properties of the Weld Metal 

The important questions that are asked about any 
welding process are on the physical properties of the 
metal. No matter how simple it might be to weld the 
joint (and it 7s easy to weld a joint with this process), 
it still is necessary that the final result produce an 
acceptable weldment. One of the simplest ways to 
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evaluate the usefulness of a new welding process is to 
compare the physical properties obtained with the new 
process to those obtained by a comparable manual 
electrode. These relative values may easily be com- 
pared in Table 2. 

It can be seen that the values are similar to the 
values of the E6012 electrode. 


Another advantage of this process will become 


apparent when it is considered for fillet welding. The 


strength of a fillet weld is determined by the cross- 
sectional area of the throat of the fillet. 

\ weld that has penetrated deep into the base metal 
will provide a larger throat area for a given size of fillet 
Consequently, a smaller size fillet, that has this deep 
penetration, will produce a throat area having greater 
strength than a larger fillet that has less penetration 

\n actual example in Fig. 7 shows the saving that is 
possible. Not only is deeper penetration obtained, but 
13.7°, of the weld metal normally required is saved. 
Not only is electrode material saved, but it can also be 
deposited faster. 

Economics of the Flux-Cored Electrode 

It was previously mentioned that the most important 
part of any welding process was its ability to produce 
aun acceptable weld lollowing closely on that con- 
sideration comes the question of how much it costs 
to produce it. 

Two of the important cost figures are: (1) the cost of 
the electrode per pound, and (2) the cost of the electrode 
per pound after it has been deposited in a weldment 

The cost of this welding electrode as it ts fed through the 
welding qun ts d8e per lb 

The cost of this same electrode material after it has been 
deposited as weld metal is approximately 43¢ per lb of 
weld de pos it 

The first price of 38e per Ib is what is paid for the 
electrode as it comes on a 25-lb reel. Figure | showed 
that 16°, of the electrode by weight was in the flux, 
so that the bare minimum of steel in the shell is 8407. 
However, some of the flux materials are alloving ele- 
ments, and they raise the total amount of material 
that can be deposited to 90°¢. 

It is this ® y of a pound of welding electrode that 
costs 3S8e, or on a l-lb basis, it costs slightly less than 
ie per lb for the material that goes into the weld. 

It has also been found from tests that it costs about 
ie to deposit | lb of weld metal. This is proof that the 
metal that can be deposited really ends up as weld 
metal. The spatter loss is also low in this process 


Observation shows it and the cost figures prove it 


Table 2—Typical Mechanical Properties of Weld Metal! 
(As Welded) 


Flur-cored 
electrode 
(Minimum values 
Tensile strength, psi 74,000 76,500 
Yield strength, psi 61,000 65,000 


elongation in 2 in., ©; 26.5 19 


teduction in area, © 59 35 
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Fig. 6 Slag characteristics 


|FLUX CORED 
ELECTRODE MANUAL 


AREA =.0175 SQ.IN. (AREA=0312 SQ.IN. 
74 AREA IS 0312 0137 199%2437% 


Ke AREA IS .O175 


SAVINGS IS .0137 
43.7%LESS METAL iS USED 


Fig. 7 Equal strength with less weld metal 


\s explained previously, the slag coating is quite 
friable and can be removed by wire brushing Witl 
deposition efficiency high and spatter loss low, the 
clean-up is simply one of a general seratch brushing 
over the work. 

ne more statement about the cost of this electrode 
will he helpful in evaluating it The cost pet pound 
is not really the important cost, but rather the Impol 
tant cost is the cost of the entire weldment Wher 
It 1s found that the cost of the compl ted we ldment is 


less with this process, the exact cost of the eleetrode 


will not be 


Examples 

The total cost per lineal foot of weldir Y Is cle pendet t 
upon so many variables, in different shops, that any 
actual cost figures would give no clues as to the savings 
that could be obtained with this process 

Consequently, the best way to illustrate the magni 
tude of the savings that are possible with this process 


is with a comparison chart as shown in Fig. 8 
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COMPARATIVE OPERATING | 
AND METAL DEPOSITION 
ELECTROOE 


FLUX*CORED 
vs 
MANUAL WELDING 


Fig. 8 Comparative operating cost and metal deposition 
for flux-cored electrode and manual welding 


This chart shows the comparison between manual 


ind semlutomats electrode Welding The com- 
parison is made for four sizes of electrodes, and it 

compares two important values: (1) the pounds per 
hour that mav be de posit d by each method of welding, 
nd (2) the average cost per pound by each process. 


These relative data are | sed Ol pract eal considera- 
tions. and are based on a 60° duty evel 


The chart shows how much more weld metal may be 


deposited by the new process Chis is shown by the 

height of the bars at the rear of the chart. In the 

front of the chart, a Comparison is made between the 
st per pound to deposit weld metal by each process. 


It is rather obvious that when so much more metal 


is deposited during the same length of time, the unit 
cost per pound will di »p Figure S shows how much 
this saving can actual V amount 


Summary 


This new automatic COs welding process using a bare 


flux-cored electrode has achieved three principal ob- 
ectives 1) high deposition rate 2) a visible are, and 
}) sound weld meta 
It is suitable for we g medium-carbon 
steels and has been used th good results on certain 


llov steels 

Physical properties are equa higher than 
values 

Comparison tests with manual stick-electrode weld- 
Ing indicate that the new process with semiautomatic 
equipment, deposits weld metal at a rate three to twelve 
times laste! 

The process is used with semiautomatie and auto- 
matic equipment The current is ad reverse polar- 
ity. supplied by a constant potential type of rectifier 


velding machine 
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Modern turbine-generator unit (200,000 kw) utilizes transition welds at main steam inlets 

BUTT WELDING AUSTENITIC STAINLESS 
STEEL TO FERRITIC STEEL IN 
CYLINDRICAL SHAPES 


ture parts of several modern central-station turbines necessitates 
conditions (S50 and 1025°F) indicates | transition from austenitic to ferritie steels. Several methods 
with varving success and varving acceptance This papet 
and properly applied austenitic-ferrittc 


nted at the ASME Metals Engineering Division ¢ 


BY J. E. DONAHUE onjunetion with th 1956 AWS National Spring Meeting, Buffalo, N. ¥ 
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describes the design and the manufacturing techniques use¢ 


the author’s company to produce certain transition pieces 


to the successtul oper ition of a modern central-station ste 
turbine These transition pieces are formed b carefull 
trolled butt weld between sustenit ind territie steels Sizes 
varv from l-in Schedule to the equiy ilent of 
Schedule LOO pipe. 
Nomenclature 
1.285) rh Beam on elastic foundation Tunetion 
evlinders 
Mean radius of pipe 
} Thickness of pipe 
Distances tlong pipe aXis istenitie-! it} netio 
Tangential stress 
r Shear stress 
5, = Bending stress 
Modulus of elasticit n tension and compressior 
/ Temperature it which transition weld Is stress re 
/ Pemperature at whi stress is Comp | 
Coefficient of expansion of atistenitie ster it stress-re 
temperature 
a Coefhicient of expanstior ferritie ste t stress-re 
temperature 
Poisson's ratio 
Modulus ot foundation tor beams o1 rh ¢ sti 


General Description 
Figure 1 shows the basic construction used in’ the 


austenitic turbines shipped by the author’s company to 


date Che <team-iniet sleeves are austenitic as are the 
separate nozzle chambers The turbine outer casing 
as well as the inner casings are however, ferritic sie 


\ section taken through the centerline of the > 
inlet sleeves would reveal three inlet sleeves and thre 
separate HOZZLE ¢ hambers 1! both the covel anid the 
of each turbine Thus there are 12 transition welds 
each turbine for a total of 72 transition welds in vita 
locations 

Each transition weld is desig ed and manutactured 
to meet exact requirements Once these requireme! 
tre established. however, the care in the design and 
manufacture becomes almost routine Phe 
proach used in the design of the transition we ds hes 
heen to 


| Make the transitiot weld as a butt weld 1 


separate spool prece (ea ed a transition piece 


downhand welding and good shop-control techniques 

2 Make this spool plece constant thickness 2 
at the transition weld: that i- avoid physical shape 
discontinuities at the transition weld, if possible 

5 | leet an annealing temperature tot the trans 
tion weld that is compatible with the eventual operating 
conditions 

| Provide extra wall thickness to allow for a Tinish 
mig turn OD) and a finishing bore 11)) atter annealing 
of the transition piece This removes anv imperter 
tions in the root of the weld as well as any undercuts 
crowns and o1 dendrites associated with the outsice 
diameter ol the weld Thus, the transition we ld is tree 
of mechani al stress concentrations 

D Make the usual \ ray, zvelo, ete., tests ol the 
transitiol weld after machining ot the transition pec 


6. Use sufficient length in the transition prece oO 


each side ot the transition weld This is necessary to 
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provide the flexibility needed to absorb the differential 
growth in diameter at the transition weld. It also 
assures that the subsequent lerritic-to-lerritic weldment 
and the subsequent austenitic-to-austenitic weldment 
at the ends of each transition piece are unatlected by the 
discontinuity at the transition weld. Thus the weld- 
ments at the ends of the transition prece which may be 


not subjected to ad- 


in locations less than id 
ditional loading from the transition we d, 

In essence, then, the design proauces au transition 
weld ol mechan stress-concentration factors, 
In a prece sufficiently long to provide udequate flexi- 
bi ity Tol absorbing the differential diameter growth. 
The length of the pjece cat he established using the 
theory tor beam on an foundation design. 
lhis theorv demonstrates that the longitudinal bending 
stress, the average tangentia rcumferential) stress 
ind the direct shear stress iused by the differential 
expansion at the transition weld dampen out in & Wave- 
form pattern along the longitudinal axis ol the pipe. 


Figure 2 shows that when 3.r equ r, the discontinuity 


effect is, for all practl purposes pletely dampened 
out Once the diameter and thickhess needed to 
meet the design requirements such as ASA 1.1 
Code tor Pressure Piping tor the territl half are estab- 

~<hed, the austenitic | 1 arbitrarily in be made the 
sume thickness The lengt! of the on piece each 


~ide of the transitiot eld is determined by utilizing 


| While ide cle culis tor 


bunction equal 


to the author's con \ nas worked to a 
equals approximatet) rule Lhis saves on over 
ength of the tral prece | tO pro- 
ide adequate protectlo vainst the possibility of the 
discontinuity. eects ore not vet completely 
lampened out, proau essive stre the ferritic- 
-ferritic and the austenitic-to-austenit butt welds at 
the ¢ ds of the trans piece 

Phe actual stress caused by the discontil itv at the 


uisition weld can be calculated by ut y the theory 


AMBER 
nh koa 


Fig. 1 Turbine longitudinal section with transition welds in 
place 
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| 
i 

be: : 


; 
for beams on an elastic foundation (refer to the Ap- 
pendix 
80 | + { With reference to Fig. 2, note that the stress co- 
0 efficient is unity for both the tangential (circumferen- 
~ so} tial) stress and the direct shear stress at 3 equals zero 
Thus these stresses are maximum right at the tran- 
z | 
5 , T SENDING sition weld and dampen out along the axis of the pipe 
x \ ra as per Fig. 2. The maximum values of these stresses in 
> psi are 
| 
. rhe longitudinal bending stress is zero (refer to Fig. 
-20 | — t 2) at the transition weld, builds up to a maximum at 
‘tied Bx equals x 4 and then dampens out along the axis of “ie 
| the pipe. The maximum value of this stress in psi is 
Fig. 2 Stress-distribution pattern at transition weld For an assembly that is fully stress relieved at 1350 > 
IF, the calculated stresses at an operating temperature of 
1050° F are rather nominal. At room temperature, 
FINAL these calculated stresses are of an appreciable magni- 
DIAMETERS tude. It should be recognized, however, that: 
l a) As published in Section 6, Chapter 3, of the 
recent ASA-B31.1-1955 Code for Pressure Piping, it is 
— . | the stress range and not the magnitude of stress at any 
| PAI instant which is governing in this type of design loading 
| KSI bh) Stress relieving the transition piece by itself 
KS assures that the stress-range terminal strain will be a 
Pe Iaximum at room temperature and a minimum at 
KX operating temperature. Thus the pressure strains, the 
; thermal gradient strains, the external loading strains, 
' BUTTER ete., normally superimposed during operation of the 
/| turbine are superimposed on a minimum locked-up 
ly strain in the transition piece for even the first cycle of 
(fi the installation. 
| \ c) Many different investigations have established 
| | 7 \ that loadings of the eyelic thermal-expansion type can 
| | Z impose strain ranges equivalent to twice the yvield-point 
i | T strain and yet not produce a failure until many thou- 
sands of cycles have elapsed. 
Fig. 3 Detail of transition weld * Refer to the Appendix for discussion of limitations of these { 
Table 1—Manufacturing Data on 72 Transition Welds* 7 
No {ustenitic Ferriti Ferriti Preheat 
welds site side sie ferrilic Furnace Weld 
made iS7M iS7 Vv Buttered site only annealt rodt 
0 Type 347 \-335-P22 24 Yes 6 at 600° F 1350° F 18 of Type 347 - 
6 at 450 F§ 6 ot Type 347M 
12 at 450° F 
6 No ti— None 1300° F 6 of Type 347M 
30 Type 347 A-335-P12 24 Yes 6 at 600° F 1350° F 18 of Type 347 
6 at 450° F§ 6 of Type 347M 
12 at 450° F 
6 No None 1300° F 6 of Type 347M 
12 Type 347 A-335-P22 12 No 12 at 450° F 1300° F 12 of Type 347M 
* Half of these welds operate at 850° F approximately, the other half at 1025° F approximately. 
t The difference in annealing temperature should not be viewed as significant 
t The weld rods designated Type 347M are a Type 347 rod with 3-57 controlled ferritie. 
§ These 12 were prehe ated for the deposit of the ferritiec butter weld only 
This material is a Westinghouse Spec Basically it is A-335-P22 with some Vanadium 
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Note 


an integral backing ring has been used for the transition 


igure 35 shows typical transition piece that 


weld There iS, however. ho basi reason why “sepa 


Ol d prepara- 


is 


“Orne other 


} 


rate bar KING ring, OF 


tion could hot have used Spee the 


( hin ed vel Ine 


Table | 


ists some general mtormation on the m 


full, probably means thre re 4s ttle o7 
thermal evcling of the transition welds except for 
tually stopping the turbine Even her however! 
t he se shutdown eyeles do not represe! 1! all Cases 


thermal evcles because of the time needed to cool the 
Thus 


these particular transition welds contributes mainly to 


Installation the actual g history of 


Ope rating 


P the knowledge of “aging etfects”’ and helps to dev lop 
confidence in their continued use at least for applica- 
tions with operating conditions comparable to those of 
modern electric power stations. In this respect, it Is 
Known that the oldest transition welds have been in 
actual operation since December 1948. The author 
estimates that the number of temperature eveles of a 
full, or almost full, operating range on the most evi led 
welds is probably less than 100 

Al] ol the 72 transition welds discussed have been ot the 
same general order of size, that is, 10- to 16-in. OD 
with to wall thickness About tran- 
sition pieces in the l-in. and 1! y-in., Schedule 160, 
nominal sizes also have been used in the steam drain 
lines of these turbines. Some difficulty was experi- 
enced in operation with a few of these drain-line tran- 
ition pieces on one turbine. The difficulty was at- 
tributed to excessive thermal eveling . \ rearrange- 
ment of the drain lines to eliminate the excessive ther- 
mal eveling seems to have been successful In fact, the 
rearrangement employs twice as many transition pieces 
as the original design, but with reduced thermal eveling 
These drain-line transition pieces emplov the butt weld 
machined on the OD and ID. ete The ferritie-to- 
ferritic and austenitic-to-austenitic weldments at the 
ends are conventional socket welds mto sor ket-weld 

httings 
Conclusions 

Long-time exposure at actual operating conditions 

. to date, has shown no detrimental effects on properly 


made and properly applied butt 


velds. These 


temperature and external loadings such 


operating conditions include pressure 


as the steam- 


inlet piping reactions and the nozzle-chambet reactions 


transmitted through transition welds to the 
the 


Admittedly, the number of 


vhich are 


and turbine casing, 


outer turbine ner 


Causing 


respectively full eveles 


while reflecting actual power-plant operation, has beet 


somewhat limited, but the extended periods of time at 


operating conditions do offer a valuable supplement to 


This 
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discussed in the 


the test specimens ad desig theory 


papel listed 


Chus it would appear that dir tenitic to ferritic 
butt welds in today’s © entior materials can be 
made in pipe shapes with assur complete operat- 
Ing success provided 

Manufacturing technique of the general type 
discussed in this text to provide nsition weld free 
of all mechanica tre entrations, with a full 


with the 


] 
ipatible 


‘e \n adequate length of pips each side of the 
transition weld s provided before coming to any other 
elds and or rigid bodies: et Chis length can be 
letermined from Fig. 2 

\I 

he imbe tem pe ire cycles over a 

wide temperature range ited: that is, of the order 


of thousands of evcles rather than tens of thousands. 


Obviously, the smaller the temperature range, the more 


expected. Also, cycling of a 


oided. 


evcles of life that can be 


repetitive quenching type should be 


Appendix 


For a pipe which is a thin- ‘vlinder, the defor- 
mation (unequal radial expansion) at the transition 
weld is symmetrical with respect to the pipe axis. A 


longitudinal strip of unit width can be investigated. 


The discontinuity effects at the transition weld are dis- 


tributed along the str pin proportion to the distortion 


at every section along the strip. Since this is the eri- 


terion for a beam on an elastic foundation, the strip 


analyzed as a semi-infinite beam on an elastie 


which the term 8 can 


May be 
foundation with / 
be established as 3 1.285 rh 

1 of the Weisberg 


J. D. Conradt in his discussion 
paper! develops the formulas for o,, 7 and o as well as 
the plot of Fig. 2 used in the text of this paper. For 


simplicity, his development assumes that at the Op- 


erating temperatures of the piece, E and w are for all 
practical purposes the same for both the austenitic 
half and the ferritic half. Otherwise, the formulas 
must be modified to suit. Siz vy, the radius used in 
the 8-term to determine the desirable design length each 
side of the transition weld should be modified when the 


pipe is not of Constant radius, as fo! example, a conical 


length of pipe 
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- 
facture of the 72 transition welds in question | 
Phe boler-desjen characteristics. the leatures of the 
] } ; | } 
irbine desig and the desirably Vo the part of the stress-reliel at some temperature 
operators to keep these turbines working t full. operating temperature 
| 
| 
Ref NCES 
+ Assistant Manager of West Elecisio Gor. Bheas 
* cvcling was a repetitive quenching type T) n, Philadelphia. Pa MI rt team 
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Shell for nuclear reactor showing internal stainless-steel cladding deposited by submerged-arc process underneath bonded 
flux 


BONDED FLUXES FOR SUBMERGED-ARC 
WELDING OF ALLOY STEELS 


\ew-lype flus is described as permitting 

the controlled variation of weld chemistry through 
incorporation tn the flux of alloving elements. 
deoxrtdizers and strong fluring agents 


BY HALLOCK C. CAMPBELL AND WALLACE C. JOHNSON 


Introduction 

A new kind of submerged-are welding flux with highly cesstully welding a wide variety of compositions. This 
interesting properties has recently entered the auto- flux when used with regularly available filler metals 
matic welding field Because the ingredients are bon such as Type 308, gives the same analysis that would be 
ded together at an unusually low maturing temperature, expected from covered are-welding electrodes mad 
great versatilitv of formulation is possible. Asa result. from the same core wire. Thus, if the heat of wire is 
several different types of flux have been developed, rich in ferrite, the submerged-are deposit is also rich in 
each one designed for some specific application ferrite. However, the flux can be modified to alter the 


a : weld composition, in much the same way that a manu 
ypical Properties facturer modifies a manual electrode covering to pro 


In the field of stainless steels, one tvpe ol flux is suc- duce spec lal weld metal compositions and properties \ 
Hallock C. Campbell is Direct be striking example is a stainless weld with low magnetic 
Consultant, A Corp., I j permeability made from standard-com position core 
Presented at the {WS N 1] Spring Meeting, Philadelphia, Pa 7 
sprit 8-12 Wires, by using a purposely modified flux. 
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Good slag remova sStamless-ste nations which are int oul ( y jiterature, are 
been a prope rty which has Deen ng ‘S11 held toe ther by eram it! hich miust he 
but seldom available submerged-are ( ng heated to a temperature ranging tre 100 to ISOO? I 


Low steels: ng | bol \t these high rat which 


fluxes containing allovin lements r sy XI are generally used i C-\ y trode coatings, 

dizers. al: leations are m such as ferrosilicon, ferromans ferrotitanium, 

in which ean, ds w ! ime considera usually become oxid ( Dey ith most effective 

tion. kreedom trom slag entrapment, and t usefulness. While tl ‘SH ddition of silicon or 

high-tensile and impact properties were asst by th manganese to the 

special fluxes developed for this work IS @X arge degree through chemi ulibrium, which is 

that many of the new a tee} he d established b g-met teracti i rapid deoxi- 

able w andard filler wires, | Ing fluxes reimton dation of the 1 1] \ t possible Some 

with the necessary powdered a of the more eff deo - hich melt well below 
Color identi thes ALIOL Th Is W 300° Fy cannot be u it all in either of the two types 

established This is ¢ aching velopment, of conventional s 


to give en hy tvpead 


borrow] estul hed used 


with these bonded fluxes 


\ 


Dol ded pe of 
ovel features 


ts have been 


ned hy the 


er te mperatures 

es, which is 

the source 

passes ot mi of th through their use 
\t 


in the 


temperature, 
ut fear that 
progress Phe raw 
purified 

This pro 

ljusting the 

omposition of the dey i to compensate 
the chemistry 

ter in con- 


less-stee! 


thstand re- 
ges related 


gly demon- 


orporat- 
the unall ( re { ceramic he led identification 
tional i fullw tused ty : agglomerated This hee ( \ } to do in the 
Both of t] are heated 1 hoa his lempel il ( esses \ 
some ag their mat acti hat | reen sb used tor 1 available 
deoxidizers cannot be retained in : Lins si ( Is used lor 
taught bv several Americar f which hay all Yes ada re tiles alloy- 


now expired, the fused type ol flux is mad ) atineg enriched fluxes designed t lol th veld deposit 


arious minerals to approximately 2500° | over and beyond the DOsIt1O} ts of the filler 


temperature, the in , ‘1 melt together to form a metal or base meta 0 dil part ul application 
viass which is then crushed and screened to form. the Chese colors are | nia it atl il of each flux, as 
granular welding material The agglomerated fluxes they are bonded int ol | ry les ‘| hey are 
according to the patents and published te hnical expla hot changed DV th \ gy heat unt fused into the 
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| 
ee in making extruded electrodes. the ne 3 
ced wetting action has been observed with of 
some of these fluxes. Welding tests on a laboratory of various fluxes of this type, several piao=_ 2 
groove design tor butt welding The narrower groove uniaue bonding me thod 
| 
many varieties ob low-allov and stainless steels nection with the description of several stan 
high phvs properties of the ne er tow-allov steels implications 
are ditheult for the older fluxes to meet hetter deo | spite of the lo { o | ) ture. the flux 
dation of the deposits and more closely oOntroued omponents are rm Log thin the gran- 
ditions of alloy element isualliv needed | ile tv thie part 
stainless thr cliftie it slag remo md of peated hand ne a ! 
balance chemistry of conventional submerged-are weld to blanketing the 
have dis ouraged most fabricators trot ittempt trated by one ree ol a single lot 
‘ use this mu h faster method ot elding of flux du ng 2O ( thi wh ! recoverv and 
Unfortunately, due to the way they are made the co velding svstem. No app e change in the particle a 
ventional fluxes cannot be efficiently modified to offset size was detected in this exaggerated test ei 


Self-removing slag curling up from Type 308 weld 
bead deposited on Type 304 plate 


Fig. | 


Inverted specimen of slag shows functional secondary layer formed at 


metal-slag interface 


slag, which as with all fluxes is discarded. The bright 
identifving color helps to sure that the operator Is 
using the right flux, and also serves to indicate whether 
the flux has become mixed with other fluxes, or with 
dirt or oil 

Bonded fluxes are not entirely insensitive to atmos- 
pherie moisture. In humid areas of the country large 
users have been careful to keep the flux drv and warm, 
and one of them at least has found it helpful to use a 
heated hopper at the welding head. Fortunately, the 
moisture absorbed from the atmosphere by the flux is 
readily driven off by rebaking at 400° F for about an 


hour 
Improved Slag Removal 

The avoidance of all fusion during the making of the 
Incorporating minerals 


Until 


stainless-steel fluxes permits 
which greatly improve the removal of the slag 
vers little stainless steel has been welded by 
First, the 


recently 
the submerged are process lor two reasons 
older fluxes did not compensate Tor the loss of chromium 
and other elements which occurred across the arc; in 
fact, an appreciable portion of the chromium was always 
oxidized and absorbed into the molten slag. Second, 
the fused flux or slag has usually stuck so tightly to the 
cooling weld metal that it has been very hard to remove 
it Many fabricators found that it was taking the 
operator more time to fully remove the slag than it did 
to run each welding pass in a multiple-pass butt weld or 
heavy overlay 

The chromium loss can be decreased by adjusting the 
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basicity of flux | through choice of the proper component 
minerals); or it can be compensated for by adding ferro- 
chromium or chromium metal to the bonded flux 
Both of these principles have been applied in the case ot 
one of the gray fluxes now on the market 

However, since the commonly used minerals and slag 
forming materials, when melted, will adhere tightly to 
all stainless welds, the development of a flux with good 


What re- 


sulted was a flux which formed, at the interface betwee: 


slag removal required considerable study. 


the slag and the metal, a secondary layer of a materia 
which did not stick to the cooling weld. For this pur- 
pose a mineral is chosen whose coefficient of expansior 
is so different from that of the stainless steel that it 
forms a self-removing slag, which on cooling will ac- 
tually curl away from the stainless weld. Figure | 
shows this self-removing slag, and also the pearl-gray 
secondary layer, which leaves the weld surface smooth 
and entirely free from residues of slag. This self-re- 
moving property makes it unnecessary to have the 


operator spend any of his time in removing clinging slag 


Modified Stainless Welds 


The Navy nonmagnetic mine sweeper program has 
imposed special demands on the welding industry. The 
electrode manufacturers have been able to meet this 
need through electrode-coating modifications. Using 
the standard austenitic filler wires, it was not possible 
to duplicate such electrodes in the submerged-ar 
field until these alloved fluxes became available. Nov 
by using fluxes reinforced with carbon, nickel and mau 
ganese, weld deposits with magnetic permeability 
below |.2u have been achieved by several fabricators 

A typical weldment is shown in Fig. 2 

The photograph shows the welding of a subassembly 
the manual welding of these diesel engines was re- 
ported* at the AWS 1955 Fall Meeting, the authors 
pointed out that submerged-are tests had been only 
It will be recalled 


for an S-evlinder V-type diesel-engine frame 


partially successful up to that time 
that the solution of the manual are-welding problen 
Was the development of special high-carbon stainless 
steel electrodes The present successtul applicatior ol 


submerged-are welding resulted from the paracie 


development of a bonded flux which permitted iy 
creasing the carbon content of the deposit in order to 
control the ferrite-austenite balance Automatic weld 
ing has proved to be not only faster than manus 
welding, but also applicable within spaces too smal! for 
welder to crawl through or awkward to reach into, as 
illustrated by this diesel-engine subassembly 

\nalvtical data for stainless welds made with severa 
bonded fluxes are shown in Table 1. For orientatior 
the table first gives the typical weld-deposit analyses 
for Type 308 and Type 309 Compositions deposited 
under a “standard” bonded flux. The good recovery 
of chromium is to be noted. The loss of manganese 

*Lang, John L., and Wright, Charles, “Permeability and Crack & 
f Stainless Welds THe Wevpine Journar, 35 (3), 225-228 (Ma 
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Table | Bonded Fluxes for Stainless-Steel Welds 


Type 308 filler wire analysis 

Nondilution weld deposits 
with three prod ction flus 

welded at 28-30 v, 

600 amp 


Type 309 filler wire analysis 
lution weld deposits 
10 v, 250 amp 


v, 600 amr 
Sis 


groove 


weld-metal 0 505-diam te 
Welded with Flux 81 


65,500 
Welded with Flux 84 61,000 


nslor 


86.500 


Fig. 2 Nonmagnetic subassembly for diesel-engine frame. Operator is welding Type 
under special bonded flux 


304 plates with Type 308 filler wire 
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( WE S \ Permeability 

O4 25 19 ON 10 0S 

O5 0.77 1 47 11) 7 

O05 1.36 0 70 44 

0.12 1.5) 0.62 95.10 

Pvp fille O5 1.70 20.10 Over 2.0 
Nonmagnetic 
Flux 8] 11 0 64 OS 1 
Flux S84 0.09 1.53 0.52 19.14 Below 1.2 

Ht 

} 14 

‘ 
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and the inevitable pickup in silicon are kept within 
sutistauctory control limits 

Phe addition of high 
flux gave the nonmagnetic welds listed at the bottom of 
The fluxes marked “SIL” and “S4” 


table were expernmentalls developed tor two different 


carbon rerromanganese to this 


the table in this 


fabricators. The “S4° flux, which had no chromium 
reinforcement, was later used by both fabricators 
because of its lower magnetic rating 
Low-Alloy Applications 

The welding ol low-alloy high-strength steels 1s 
bemg accomplished by several of the country’s largest 
The most 


spectacular and exacting applications are those invol- 


fabricators using fluxes of this new type 


ving very heavy components for nuclear power instal- 
lations, using plates up to Lt in. thick 

\ cross section through a typical butt weld for one of 
these vessels Is shown Ith | WZ » The weld Wis made 
under the welding conditions summarized in Table 2, 
using a bonded flux reimforced with sufficient manganese 
to keep the manganese in the weld at about the level in 
the filler wire Phe tensile strength of the finished 
weld must be over SO,000 psi but without exceeding that 
Vailtle too miu h, us the weld must also have high notch 
ductility at +10° | \Lodifications of this flux are ex- 
pected to he applicable to future units, which mayv call 


for a different alloy steel base metal 


Welded Overlays 


Overlay welding, te., cladding hy automatic welding, 
isa field in which bonded fluxes are finding many ap- 
plications The first Puss is deposited with the series- 
ure technique, which permits holding the base-metal 
dilution to 10% The most severe requirements to 
date have been those imposed by the welding of a heavy 
overlay or cladding on the thick manganese- 
molybdenum steel hemispherical heads, and 
tube sheet for a nuclear reactor The lead photo- 
graph isa view of the 150-ton reactor shell, showing the 
stuimless-steel Cladding inside the heavy flange The 
inside diameter of this shell is over © ft 

In the case of the tube-sheet overlay, an extremely 
sound weld was demanded by later machining and tube 
welding operations, which would be defective if even 
slight inclusions, pores or fissures were present in the 
original overlay weld Repeated laboratory tests were 
rricacte hy the prime contractor in the process ot develop- 
ng the hest lding procedure weld sections 
were examined under the Mmucroscope and found to be 
cleat and sound When the tubes were welded itl 
place by the tungsten-are method (in an automatie 
sequence involving no filler metal) these tube welds 
were sound and free from cracks When other com- 
mercial fluxes made with less active deoxidizers were 
used to make the same overlay weld, numerous inclu- 
sions and defects were encountered; these caused the 
tungsten-arc tube welds to “boil” and fissure, which 
made them unacceptable Production operators qual- 
ified the process with the bonded flux by first making 
the heavy overlay weld, followed by about 100 tube 
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Typical welding sequence, after welding two root passes with 
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Fig. 3 Cross section through butt weld in 7-in. thick man- 
ganese-moly plate 


The weld was made with °/,.-in. Mn-Mo wire and a manganese-reinforced 
bonded flux, under the welding conditions given in Table 2 


welds with the tungsten-are setup, with no rejections 

\ similar application of submerged-are overlay weld- 
Ing Is illustrated in hig. t. This job Was less critical 
than the nuclear job described above, and the series-are 
overlay technique was used as a low-cost method of 
obtaining a thick corrosion-resistant surface 
The base-metal parts are castings for a central station 
The service will be steam atmosphere ut 
I’. Whereas Type 309 filler wires, 


blade ring 
not over 500 


Table 2 


Base meta \Manganese-molyvbdenum steel, Type SA302 Grade 
Fille or -in. diam MnMo (approximately 0.15 ¢ 
1.95 Min, 0.50 Mo 

Flua \MIanganese-reinforced bonded flux 

Preheat: 300° F minimum; preferred range 400° min to 600° m 
Heat Treatment 1200° F (1 hr per inch of thickness), slow heat- 


ing and cooling evel 


manual-shielded metal are: 


DC, Reverse 
Bead No polarity, amp Volts Travel, ip 
375 30-32 15 
SOO 30-32 11 
9-117 550 50-32 
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Fig. 4 Submerged-arc overlay weld for central-station 
blade ring 


Series-arc deposit using Type 308 wires under bonded flux 


paired 309 and DOS Wires. ol 


Wot d used na critical application 


and to obtain the highest COrTOS1O! 
second and third lavers of the over uy eld it Was sul- 
veld t he entire ¢ id res ith SOS 


this cuse to 


herent in 
Wires and side-bend tests 
longitudinal to the direction of welding, a 
Satisfactory 

the series-are tech 


whe 


specla shaped object, 


Overlay welding combined with 


nique Is an attractive procedure eorrosion-rt 


sistant surface is needed on a 
eone or a dished head 
hig. 5. The 


depend large iV on the thi 


\ typical illustration 
thod 


such as a 


is shown i economy Of this me 


the thi ss Ol 


the stainless laver and the availability 


iddi 


the thicknesses of plate and « 


weldment is intricate lad ste evel vhen available 
mav prove more expel eto tabi te th i ste 
base overlaved with st Stet ding 
pressure essels whose Va thickness exceeds 53 
Cladding the fabrcated by overlay 
welding, Ising the series-are bonded-fh wethod 
expected to cost less than mal ne the essel_ Tro ! ed 
clad plate The break-even pot erty 
than 4 ! 

Stainless filler wire need not aly Vs be u ed for such 


The 


be deposited On a 


overlavs extent to which al oving elements Ca 


stee| plate using miuld-steel wire 
under an allov-reinforced bonded flux, is illustrated u 
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Fig. 5 Hemispherical carbon-steel head, approximately 
53 in. ID, showing first-pass overlay deposited by series-arc 
technique using Type 308 and 312 wires and a bonded 
flux 


Additional layers of Type 30 


layer to complete the cladding operatior W all thickness (3 


deposited on top of this 
in.) would 


make fabrication from roll-clad plate more expensive than method shown 


| 


Fig. 6 Single-layer overlap containing 20% chromium, 


obtained with mild-steel filler wire under a chromium- 
reinforced bonded flux 

Base plate is carbon stee x 

eld depos ( Verinv ol 
overlapping ben im con 

o r fro | sto the sul 

erging flu This ( e used to 
produ e hard-sul ( ( ! ( 
th corre ( 

Nat the il le 
VS the welding 
procedure as the ittel tul trols the weld- 
metal chemistry By strictly adhe y to a scheduled 
procedure for the irrent, polarity tage, speed of 
tra el. wire extensio ength ined stl vhtness 
clination of the wire. bead ( | spacing height 
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312 and 308 wires 

clad plate in 
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of flux burden and preheat or interbead temperature, 
the desired weld analysis can be consistently repro- 
duced. 


Narrow-Groove Welding 

Still under investigation is another functional feature 
of the new fluxes, with potential savings In the cost of 
deep groove welds These fluxes have an improved 
“wetting” action, which promotes wall washing in 
heavy butt welds, and greatly decreases undercutting 
and slag entrapment. The beads have a smooth con- 
cave surface which also facilitates slag removal. The 
cost saving will result from the use of a much narrower 
joint design than customary. The welding wire will 
be fed into the groove in a constant vertical position, 
The unique wetting action of the flux will cause the 
advancing weld metal to wash, or climb, both walls in 
a single pass. Figure 7 shows an experimental butt 
weld in plates 2! o in. thick. Because of the danger of 
slag entrapment and removal difficulties with conven- 
tional fluxes, a wide joint using many split passes is 
now normally used, so that the welding wire can be 
shifted toward the sides of the groove for split-pass 
welding, and so that heavy slag-removing and bead- 
chipping equipment can be manipulated down in the 
yroove., The proposed narrow joint design would re- 
quire about one-third less welding time and_ filler 
metal, and should lead to fewer rewelds caused by 
trapped slag or other common defects. The danger of 
head cracks, because of the concave contour of the 
weld, will depend on the bead thickness which is de- 
posited, but we believe adequate control can be ob- 
tained through adjustment of the travel speed and 


current settings along with the right wire size. 


Summary 

To summarize the highlights of the bonded-flux 
story, a new type of flux has been developed which is 
produced by a unique method requiring much lower 
maturing temperatures than have heretofore been 
possible. This has permitted controlled variation of 
weld chemistry through incorporation in the flux of 
alloving elements, deoxidizers, strong fluxing agents 
duplicating for submerged-are welding the whole range 
of formulation used by the covered-electrode manu- 
facturer Even the identifying color has been added 
to distinguish the fluxes for stainless steel from those 
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Fig. 7 Cross section of narrow-groove butt weld in 2! »-in. 
thick 2Cr—1Mo plate, welded with bonded flux and 2Cr- 
1Mo filler wire 


Root spacing |, in.; plates were inclined 10 deg to provide the desired 
groove angle. Single weld passes washed both walls of groove because 
of wetting action of bonded flux. No split passes were used. X | 


for low-alloy steel, and both of these from the special 
fluxes with specified alloy enrichment. The color will 
also reveal any contamination from other fluxes (as 
when a hopper is not cleaned out). 

A period of vigorous growth and expanding appli- 
cation is predicted for the old art of submerged-are 
welding, stimulated and now made possible by the 
versatile properties of the bonded type of flux. 
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Rear floor pan line at the Ohio Stamping Plant of Chrysler Corp., showing busway, welding and automation 


A NEW 


WELDER BUSWAY DISTRIBUTION SYSTEM 


Paper covers an engineering study made during the preliminary stages 


and final design of the electric distribution system for a large stamping plant 


BY LAWRENCE E. FISHER AND ROBERT W. DAILEY 


General Description of Plant, 
Load and Power Distribution System 
The Ohio Stamping Plant of Chrysler Corp. at Twins 
burg, Ohio, covers an area of 1,500,000 sq ft, approx! 
mately 34 acres. Power is supplied by the Ohio Edisor 
Co. to supply the great number of motor loads and so 
forth for the heavy presses and other manufacturing 
equipment in the plant. The estimated short-circuit 
duty is 2,500,000 kva, based on long-range future pl ins 
The estimated initial short-circuit duty is 600,000. 
three-phase symmetrical 

Power at 138-kv is supplied to three transformers 
rated 10,000/12.500 kva,. 3 phase, GO eveles, 138 ky 
13.8 kv, connected delta-wve with secondary grounded 
All of the resistance welding discussed in this report 
is supplied from one of the 10,000. 12,500-kva_ trans- 
The other 


transformers supply the press motors and other loads 


formers provided with a voltage regulator 


in the stamping plant 


L. E. Fisher is Manager associate e Gene 
Conn ind R. W Dailey ted wit ti ( wir 
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Fig. 1 Physical location of unit substations and welder bus- 
ways at Ohio Stamping Plant 


metalelad switch- 
Feeder breakers 


supplied to the 


The 13.8-kv power is 
gear through a 1200-amp breaker 
are also rated 1200 amp 

From the feeder breakers in the metalclad switch- 
gear, power is supplied through runs of 3-conductor 350 


eable to 14-2000-kva_ 


slormers in seven 


ay Distribution Systen 1085 


if 

Paper presented at the April 8 to 12, 1957 Welding Conferen in P os 

of Electrical Engineers and the AMERICAN Soctt 


double-ended unit substations as shown in Fig. 1. The 
transformers are rated 2000 kva, 3 phase, 60 cycles, 
13.8 kv 480 v, ungrounded secondary, connected delta- 
wye. Also there are 10-1000-kva transformers, supply- 
ing other than welding loads 

The entire plant area is covered with networks of 
approximate lv 13 miles of different types of busways. 
I. 


eent lighting lond Plug- 


tht duty 50-amp, plug-in busways serve the fluores- 


n busways in ratings of 400 


and 600 amp, having aluminum bus bars, braced for a 
OO.000-amp short-circuit current, serve the motor 
loads and general factory requirements. New 1600- 
ump (type LV DP) low voltage drop plug-in busways 
supply the heavy welding loads 

Three double ended unit) substations, each with 
two 2000-Kva transformers and with 3000-amp main 
and tie circuit breakers, supply the heavy welding de- 
partments Mach transformer feeds two runs of the 
1600-amip type LVDP busway each protected by 
amp teeder circuit’ breakers. The runs are approxi- 
mately 400 ft long, with the outer end of each run con- 
nected to the end of another run to form an SOO-ft 
loop between two of the 2000-kva transtormers. \c- 
tually the busway loops vary trom 507 to 905 ft in total 
length 


transtormers are effectively tied in parallel on the 480-\ 


Phere are six welder busway loops. Thus the 


side by two parallel runs of 1600-amp busway. 

This papel deals primarily with these three double- 
ended unit substations and the 12 runs (or 6 loops) of 
1H00-amp busways feeding the heavy welding depart 


ments Phese are shown Ith | and 


Method of Selecting System Elements 
to Feed the Resistance Welder Loads 

\ great amount of preliminary work was done in 
selecting the elements of the distribution sVstem to teed 
the welder loads in this plant. As is customary on 
many jobs of this magnitude, the preliminary design was 
based primarily on previous experience and knowhow 

\iter making the preliminary selection of the sys- 
tem elements on the basis of this previous experience, it 
is then customary to make careful calculations covering 
wl phases of the problem. This is done in order to 
make final selection of system elements that will be 
adequate not only to satisfy the thermal requirements, 
voltage-drop requirements, short-circuit requirements, 


but also to seleet protective devices that will coordinate 


A [ 
> “ 
a> +4 
i 


Fig. 2 One-line diagram of part of welder distribution 
system showing busways fed from one of the unit sub- 
stations 
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properly, providing as much selectivity as possible 
and providing high speed tripping for both the maximum 
possible values of short-circuit. current and also for the 
lower values of arcing fault current. 

This part of the paper is intended to show by an 
example how to select elements of the distribution sys- 
tem to teed welder loads, satisfying all these require 
ments 

Starting with the magnitude, location and character- 
istics of the welder loads, the selection of the elements ot 
the distribution system proceeds as follows, assuming 
no previous field experience to aid in the selection 

The welding load consists primarily of approximately 
000-65-kva single-phase welding transformers totaling 
about 56,000-kva nameplate rating. 

The multi-transformer welding presses are similar to 
the type shown in Fig. 13, page 22 of the AIEEE pub 
lication S-45 entitled “Power Supply for Resistance 
Welding Machines.”’ 


are about as described on pages 22 and 23. 


The characteristics of the load 
The powet 
factor is relatively high, about 70; 

In order to define the “during-weld’’ demand it was 
necessary to consider the probability of several welder 
groups firing at the same time. Two different methods 
of firing the welders were considered, but after a pre 
liminary study it was decided to fire a group of welding 
transformers simultaneously 3-phase with of them 
connected to each phase of the 3-phase system. This 
eliminates the problem of dealing with single-phase cur- 
rents drawn from a 3-phase system, 

\ preliminary study was made for the welding contro! 
to fire the welders single-phase by first firing a group of 
t welding transformers on phase AB for 15 eyveles, for 
example, then 4 on phase BC for the next 15 eveles 
then 4 on CA, ete. 
in that a smaller electrical distribution system can be 


This method has an advantage, 


used, but the unbalance of the 3-phase system was con- 
sidered undesirable 

To provide as much flexibility as possible, a type ot 
welding control was selected that can be used to fire 
the welders either single-phase or 5-phase. For this 
example, however, the welders will be fired 3-phase 

A close study of different methods of welding indicates 
that the design ot the system depends more on the 
maximum number of welders fired simultaneously than 
on the average number. This is due to the fact that 
even with a fairly large number of welders, the number 
of welders which will be firing simultaneously based 


With this 


small number of over-lapping welders, it is very prob- 


upon a given probability is relatively small 


able that the welders that are welding simultaneously 
during the same 15-ecycle interval may all be the ones 
having the maximum number of welding transformers 
Thus, regardless of the method used, it would be 
desirable to make an effort to reduce the maximum 
number to be fired simultaneously, especially if there 
are only a few groups containing the maximum number 

lor example, the following is a list of the number of 
transformers fired simultaneously in the different stages 


of welding the front and rear floor pans. Since no more 
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than 14 are fired together except in the 2nd, 3rd, 4th 
and Sth stages, it is suggested that these stages be sp 
in two, firing half the transformers in one 13-evele pel od 
and the other half in the following 15-evel period 
This reduces the maximum number from 22 to 14 and 
the average in the front floor pan Which is the heaviest 
loaded welding 


operation in the plant from 12 trans 


formers per firing to 8.3 


Welding Transformer Lineup—Ohio Stamping Plant 


() pe 
Ist Stag } 
2nd Stag 22 
Stag 22 
Ith Stage IS 
Front floor t 5th Stag s 
Ist Stage by to } 
2nd Stage 
rd Stag te 
Stuve LOS 
Ist Stag | 
Rear floor p 2nd Stag 1] 
Stag 12 
ith St 


The heavy welding departme! ts are supple bv three 


double-ended unit substations, each ha gy two 2000 
kva transformers with a main circuit breaker for each 
transtormer, a tie circuit: breaker and feeder cireuit 
breakers. Each unit substation is centrally located 
with respect to a number of the multitransforme 
| ig. 2 

The 65-kva welding transformer loads are in groups 


fed fron 


press 


of a maximum of 14 (5 per phase 
switch busway plug The maximum. of 
formers are fired simultaneously by ignitrons. Thus 
the total number of groups in run 1 is 9, in runs 2 and 3 
is 2, and in run 4 is 4 

Test indicates that the during-weld current of each 
\ll welders 


thus, the duty 


65-kva welding transformer is 250 amp 
will weld for 15 eveles out of each 9 sec 
evele Is 0.0277 

Ins consultation with the plant engineers it has been 
agreed that it is desired not to have more than one bad 
weld pet LO.000 of one percent 
design should be based on a probability of one bad weld 
per 10,000 

It is decided, further, to standardize busway sizes us 
ng the front and rear floor pan department as a basis, 
since it is now the most heavily loaded The stand 
ardization Is desired because of the ever changing cond) 
tions in the automotive industry Phe number of weld 
Ing transformers fired simultaneously at any location 
ean be changed easily With 


it long from each of the two transformers in each unit 


two busway runs 400 


substation as shown in | im. Zz. i the ends of the buswavs 


at the extreme right are connected together, as shown 


the transformers will then be connected in parallel! 
by the two parallel 800-ft loops of busways. Such an 
arrangement has several advantages 
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2 As a result of tl] haring 
drop il the tl ) 


3. Any single large load (o1 
tributed loads) located near the 
such as at pont Lor Bin Fig. 2 
equal currents flo 
Any load at point ¢ it the mid 
of the loop | 


and in thet vo pal el p t} 


ected near the input 
divide 
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sround the 


riers will 


tely 


ond almost 


thi ond thie Volt 
reduced greatly. 
of several dis 


of one loop, 


result in about 
i es Of the loop 
t of one run ‘ 


und the LOOP) 


For Each Part of the System, It Is Necessary 


to Make Two Separate Calculations 
Thermal Requirement. 1 


made to determine the mpere 
buswav or other 

ment This is somet es « ed 
tinuous current | 


] 
hormula 


during-weld” curre he we 

ously Select fuse led 
about 25°, larger tl the ampere 
in order to prevent nu ce blo 


safety tactor is 


former or magnet eake 
To determine the tot equ if 
to a number of welcde onnecte 
the following formu hich / 
current, d is the duty evele | 


during-weld currents in the differ 


ol welcde I's 
/ Vid—d*) 


4 Voltage Drop Re ement 


ulation Is 

of the fuse, 

the thermal require- 
the equivalent Ccon- 


velders, use the 


ed. [, 1s the total 
fired simultane- 
breaker 
ting (/ caleulated 
yor tripping This 


buswayv, cable, trans- 


ontinuous current” 
1 TO One buswav use 


the total equi alent 


ete., are the 


veiders or groups 
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Requirement second ( culatLo is made to deter- 
mine the total maximum ‘“‘during-weld” current. This 
takes into consideration the probability of several 


welders firing simultaneously 
Taking each fuse, circuit brea 


1 
element one ata time l PSS CO 


preferably starting t the smallest 


as the fuses in the busway plugs 
number of welding transformers f 
then usIng the propel probabil it\ 


determine the number ot simultane 


bottom Obviously. the cul 


ker, buswayv or other 


tions are identical) 
branch units, such 
determine the total 
d through that fuse; 

irve from big. 3, 
‘ous welds Use the 
3 would 


rves in Fig 


not be required if all welders are fired simultaneously by 


whitrons li such Case take Ul 


welders In eithe Cuse multiply 
“during-weld”’ current of one we 
determine the maximum total 
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ie total number of 
this number by the 


ding transformer to 


“during-weld”’ current 


passing through the fuse (oO! other element). Use 
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70 DETERMINE TOTAL DURING WELD CURRENT FOR VOLTAGE 
DROP CALCULATIONS OUT TO ANY GIVEN WELDER POSITION 


VWUMBER OF OTHER WELDERS FIRING SIMULTANEOUSLY WITH 
ANY GIVEN WELDER 


9 { 74 3¢79? a9. 39 
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ALE #UR PROULEMS (INVOLVING SEL EC ON VF 


FUSE AND CIRCUIT BREAKER RATINGS AND TRIP Vous 


TOTAL NUMBER OF WELDERS FIRING SIMULTANEOUSLY 


Fig. 3. Probability curves for determining number of weld- 
ers firing simultaneously 


maximum values of “during-weld” current, whereas for 


the thermal requirement an average value may be used. 
Then for the fuse or circuit breaker previously selected 
to satistv the thermal requirements, check its time- 
current curve to make sure that it will not blow (or 


trip) for this total ““during-weld” current in the 


time that the “during-weld” current flows. Increase 
the ampere rating of the fuse or circuit’ breaker if 
necessary. Note that in the example to follow, a 
safety factor is applied to prevent nuisance tripping. 
Tripping of circuit breakers, even though it occurs 
only once or twice a week, is very undesirable. 

For the busways, cables or transformers previously 
selected to satisfy the thermal requirements, calculate 
the voltage drop for this total “during-weld”’ eurrent I-. 

I, is caleulated using the probability curves, the 
sume as for fuses or circuit breakers. It is necessary, 
however, to subtract one from the total number of 
connected welders before using the curves because the 
iriation at any welder is due only to 
Use the 


voltage drop o1 
Variation in current flowing to other welders. 
upper s« ale in Fig. 3 Chere is no variation due to the 
eurrent flowing to the welder under consideration he- 
cause every time it fires, it draws the same current. 
Obtain from the curve the number of welders firing 
simultaneously. Then multiply by the during-weld 
current of one welder (or group) to determine the total 
during-weld current for the voltage-drop calculation. 

If the voltage drop is too high, a larger busway or 
transformer would then be selected. In general, the 
voltage drop should not exceed 15°;, although in critical 
work a lower limit is required. 
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In the curves of Fig. 3, note that half any given num- 
ber of welders results in more than half the correspond- 
ing number of simultaneous welds. Thus, if a main 
feeder has two equal branches, the number of simul- 
taneous welds for the branches is more than half that 
for the feeder 

With this preliminary information it is now required 
to determine the sizes of the fuses in the busway plugs, 
the size of the busways and protective feeder circuit 
breakers, and the size of the main circuit breakers and 


transformers. 


Solution of Problem: Thermal Requirement 


First starting at the smaller branch elements out near 
the load make a selection of the busway plugs and fuse 
sizes, followed by the busways, feeder breakers, main 
breaker and, finally, the transformer. 

Fuses in Busway Plugs 

For each group of 3-65-kva transformers (one pel 
phase) the single-phase during-weld current is 250-amp 
The current based on the 
133 x O. 166 


or 433-amp 5-phase 
thermal requirement J = Jay duty cycle 
72 amp. Recommended fuse sizes are shown In 


Table I. 
Busway Number | with No Tie Busway at End 


This assumes 433 amp as the average current. 


The ampere rating required for the busway is 72 


amp for each group of three transformers. The total 
of 84 transformers or 9 groups would require a busway 
rating of 700 amp calculated by the method developed 
in reference 3 (Fig. 2). 
Busway Number 4 with No Tie Busway at End 

Seventy-two amp for each group of three trans- 
formers amounts to approximately 342 amp for the 24 
transformers connected to Busway $ using the same 
method. 
Busways I and 4 Forming a Loop (connected at point B) 

Although an 800-amp busway could be used for Bus- 
way | and a 400 amp for Busway 4, it was previously 
decided to standardize the busway sizes and use the 
double loop system. By preliminary voltage-drop 
caleulations (conducted later) similar to those described 
under the heading “Voltage Drop of Busway Loop 
1—4,”’ it was determined that the busway ratings must 
be 1600 amp. 
Feeder Circuit Breakers 

The current rating of the feeder circuit: breakers 
should generally be about the same size as the busways 
The 1600-amp circuit breaker was selected as a standard 
for all 12 feeder cireuit-breaker applications. 
Main Circuit Breakers and Transformers 

The total equivalent continuous current calculated 
for all the welder loads shown in Fig. 2 is 1180 amp 
Because of the double parallel loops, a 600-amp rating 
for each transformer should be satisfactory to satisty 
the thermal requirement. Later, however, it will be 
found that 2000-kva transformers are required because 
of voltage drop. A 3000-amp main circuit breaker was 


actually selected as a standard. 
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Table 1—Recommended Fuse Sizes 


Vumber of we lding Eq divalent 

franstormers During weld continuou Rece } 

connected current Iq. current I frase 

to one busway plug amp amp é 

13 72 100 

SOO 144 200) 

4 1300 216 300 

12 1732 288 100) 

15 2166 360 150 


Demand and Diversity Factors 

In this example, no demand factor nd diversity 
factor have been used, other than those pro ided tor 
in the method of determining the equivalent continuous 
load for the groups of welders \s processes become 
automated to a greater degree, it becomes increasing|y 
dangerous to use arbitrary demand factors. If it is 
known that additional welders have been installed in 
order to keep the production line moving at its normal 
rate with some equipment down for repairs, then an 
appropriate demand factor can be applied \lso if if 
is known that the average during-weld current ot 
the welders connected to one HuUuSWHAY bor example, is 
less than that for the smaller group ol we ders col 
nected to one busway plug, then an appropriate diver 
sity factor can be used, 
Summary 

This now establishes a thermal rating for all elements 


Ol the svstem It is important, howe er. not to tore 


4ERMAL DAMAGE CURVE 


£0R 1600 AMP BUSWAY 


IN SECONDS 


TIME 


03 
02+ + 
| | 
6 =) 395 S 
mew S 


CURRENT IN AMPERES 


Fig. 4 Time-current curves for protective devices and dam- 
age curves for the 1600-amp busway 
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Busway 


to make the second ¢ culation to consider the voltage 
drop requirement or total during-weld requirement ol 
ll elements. These calculations will 


a require some ol 


the svstem elements to be increased in ampere rating. 


Solution of Problem: Voltage Drop 


or Total During-Weld Requirement 
Fuses in Busway Plugs 

For each group of welding transformers, shown in 
Fig. 2, the ampere ratings of the fuses previously 
selected to satisfv the thermal requirements, should be 
rechecked as follows: From the time-current curves 
of the fuses, determine the time required for the fuse to 


ndieated in Table 1. 


to make sure that 


blow tol the during veld current 
It is important to make this chee] 


the fuse will not blow for th mag itude ol during- 


veld current in the 15 cyeles that the during-weld 
current flows To ttle saftetv tTactor, 11 would 
he well to increase the e of the fuse, if in anv case, the 
fuse at this magnitude ot irrent blows in less than, 


sav. SO eveles 

\s an example ot this culation, for the 200-amp 
fuse previously calculated to satisty the thermal require- 
ment tor six welding transtormers, the blowing time 
ot the fuse for the during-weld irrent of 566 amp Is 
ihout 7} Obviously, there ould be no dange 
current in the 


during-weld time, which is only 15 eveles. Note that 


the probabilits eurves ot used this calculation 
hecause all welding transformers vy one of these 
groups are fired simult eously Since this 200-amp 
fuse satisfies both the thermal re¢ rements and the 
total during-weld current, it be recommended 


as the proper Tuse to use to protect this group of six 


welding transformers 


Feeder Circuit Breakers 

For the feeder circuit breaker protecting the busway 
oop 1-4 which has 13 groups of welders, it is determined 
trom big 3 that the total number of welders firing 
-imultaneously (bottom scale) for a duty eyele of 0.0277 


Fig. 3, the number 


4.35. Jefore entering the curves 
of welders (13) may be reduced by the demand factor, 
if one has been established It is dangerous to use a 
diversity factor in determining the total during-weld 
current to sue ha small number $5) Ol welders unless 
the probability of the erage during-weld current for 
these 4.3 welders exceeding the average for the total 
group of 15 1s checked and found to be less than the 
probability used in Fig. 3 

3 x Ise 7450 amp. With the known locations 
of the large welding presses around the loop, not more 
than 65°; of this total current (about 4900 amp) will 
The total of 7450 


would require almost 10 sec to trip 


pass through one feeder hi 
amp, however, 


the 1600-amp teedel Certainly, 


reankers 
there would be no danger ot them tripping in 15 
cycles. 

Main Circuit Breakers 


For the total of 17 welding groups connected to both 
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Table 2—Percent Voltage-Drop Values on 480-Volt Base 


1-Pha 1-Phi 
0.3 PF OS PI 0.7 PF 0.3 PI 0.5 PI ( Pl 
System component Percent Voltage Drop Per Ampere 
2000-k va transformer 0 00227 0 OO2IS OOLSS 0 00262 OO2Z14 
Percent Voltage Drop Per Ampere Per 100 Feet 
MOM cable 0 0 0 0 QOO0019 0 Q00020 
Percent Voltage Drop Per Ampere 
Combined ft of 350-MCM. cable and 
2000-kva transformer 0 OO2285 OO2Z147 0 OOLS6O 0 002637 0 OO2474 0 002160 
loops of busways, each having a duty cycle of 0.0277, Total Voltage Drop . 
the total number of welders firing simultaneously from Then the total voltage drop in the busways and unit 
Fig. 3 is 4.7 (use bottom scale substations is 64°, in the 2000-kva transformer and 
\ssuming that these groups have 12> transformers cable +3.66€7 in the busway or LOC; 
each, the total during-weld current would be 4.7 x It now remains to consider the voltage drop in the 
1732 amp or S150 amp. Of this total current, only 10,000-kva 138-kv to 13.8-kv transformer which feeds 
about would pass through each feeder breaker power to three of these double-ended unit substations 
Examining the time-current curves of the breaker (Pig If the load on the other two substations is assumed 
1), it is apparent that there would be no danger of the to be the same as on this one, there would be a total for 
2500- or 3000-amp main breakers tripping in lo or 30 51 welding groups (Fig. 2) and from Fig. 3 there would 
eyeles for this value of slightly over 4000 amp. Thus, be 6.2 simultaneous welds. 6.2 x 1752 LO,SOO amp 
either the 2500- or 3000-amp cireuit breakers could be From Table 2 this transformer has a voltage drop ot 
used for the six places in this sVvstem where main break- O.000516, per amp or 5.5% for 10,800 amp 
ers are required Then the total voltage drop is LO + 5.5 15.5% 
Voltage Drop of Busway Locp 1-4 This appears satisfactory, especially in view of the fact 
Referring to probability curves in Fig. 3, the number that the other two unit substations are not expected 
of simultaneous welds to be used for voltage-drop cal- to be as heavily loaded as the one shown in big. 2.) But 
culations (upper scale) for a total of 13 welders in this changes were required in the ampere ratings of the svs- 
loop (for the duty evele of 0.0277) is 3.3. Since the tem elements as selected to satisfy the thermal require- 
maximum welder group containing about 12 welding ments originally, thus illustrating the importance of 
transformers draws 1732 amp, the total maximum dur- making voltage-drop calculations. 
ing-weld current is 3.3.x 1732 = 9¢20 amp. Selection of Protective Devices to Achieve Selectivity 
Now assuming that these 3.3 welders which happen and Maximum Protection for Equipment and Personnel 
to be firing together are located out near the mid-point as 
of the loop, there would be 2860 amp-flowing in each Seteativily 
half of the loop One of the best ways to obtain selectivity between 
From Table 2, the percent voltage drop of the 1600- the feeder circuit breaker protecting the busways in 
amp type LVDP3 busway selected for this application these double parallel loops and the main cireuit breakers 
is 0.000320, per ampere per LOO ft with the entire load 
at the end of the run Thus the pereent voltage drop ¥ , 
in this buswayv is 0.00052 x 2860 x 4 3.66. This Sanaa 


appears very. satistactory but, of course, the other 


elements of the system must be considered [ 
Voltage Drop in Transformer . 
kor the total of 17 welding groups each with a duty 
evele of 0.0277, the number of simultaneous welds from ao | or 
hig. 3 (top seale) is 3.7. The total maximum during- | of? 20008 
weld current is (from Table 1) 2166 for the largest 
group (with 14 welders) + 2.7 x 1732 -? 
Of this total current, approximately half would sees 
come from each transformer From Table 2 the volt- 109 
age drop in the eable and 2000-kva transformer pre- 
viously selected for this application is per 
ampere at O.7 PI Therefore, the voltage drop for Fig. 5 Calculated values of short-circuit current and divi- 
$425 amp is 6.40°, sion of current in parallel paths 
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be 
2 


would be to use the selective system employing General 
Electric type AKX-1 circuit breakers. In this systen 


delav ot a tew 


the main breaker is equipped with 
eveles, just sufficient to allow the feeder breakers to 
trip without tripping the main breaker 
that it is very important to keep this delay at a 
absolute minimum, because if an arcing fault shoul 
occur in the svstem between the main breaker and 
the feeder breaker, it is desirable for the main breake) 
to trip as quickly as possible 

In the specie sizes ol breakers 


loop svstem, it appears that leeth itv can be eved 


hy using standard eireuit brenkers W th the usun 
verse time delay for overloads in 
stuntaneous trip device 

In the overload range, Fig. 4 shows that the 1600-amp 
feeder breakers will trip for all overloads without 


tripping the 3000-amp main breakers 


Now to conusidel the selecetivitv. in the short 
region Fig. 5 indieates that, with both Ops Opel y 
in parallel, the maximum possible short-circuit current 


07 O00 imp sit plug \l neal the Input ends 


of anv of the buswavs and about 52.000 at the fart 


most point N, which is at the mid-point of one loop 


This assumes a SO0-ft loop The short-circuit 
at anv i termediate port around the Oop) vould by 
something between these two values lor the 57.500 
short emcuit at the pul end the feeder breaker 
with Instantaneous trip cle 10) times 
be tripped by its instantaneous trip device by the 


15,700-amp current 
These short-circuit current values as caleulated were 


based on the 1.25 tactor Actually the NX oratio 


this Twinsburg plant varies from 2.7 to 4.4 \ mor 
realistic average tactor is. | instead of 1.25 tor a 3 
phase short circuit. In case of a single phase short 
circuit, the faetor would) ordinarily be higher. In 
these low-voltage systems, however, a single-phase 
short-circuit value is reduced to about of the 


3-phase value. Therefore, it appears that for cn 

breaker-coordination studies the factor of 1.1 should be 
used for all calculations of maximum. possible short 
circuit currents, eithe) 3-phase or single phase Thus. 
the maximum short-circuit value at point M is 57,500 4 


11/1.35 OOO amp and lol pomt 16,000 amp 


The 1600-amp feeder breaker would trip instantly 
In 3 evcies) since trom hig. 5 the current passing 
through it is approximately (83900 + 11800) times the 
ratio 1.1, 1.25 15700 x 10,000 amp 

The current passing through the main 5000) amp 
is 0.88 x 33900 30,000 amp. Thus, if its insta 
taneous trip device is set at 12 times or 56,000) amp 
it will not trip. Calculations indicate that none of the 
other breakers will trip. It appears then that satis 
factory selectivity has been achieved providing a high 
degree of protection for the maximum possible values 
of short-circuit current. This is an interesting ad 
vantage of the double loop system In the radial svs- 
tem with a 3000-amp main breaker and 1600-amp feeder 


breakers selectivity cannot be achieved for values of 
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Fig. 6 Short-circuit currents after breaker No. 2 trips 


short-circuit current higher tl 6,000 amp (12 x 
3000) because the instantaneous trip devices of both 
the feeder breaket na | be actuated 

the first half evel 
Arcing Faults 

In case of a ye fault, the irrent would be 
reduced by the are resistance t ue estimated as 
or about 40,000) amp r the fault the Input end 
ind 36,000 amp at the farthermost point. These 
are svimmet! to take care of the 
Possible 

It is con sidered to be extre miportant to trip 
he feeder breakers ins noarcing fault, 
to reduce to a minimum the damage done by the arcing 
nd the danger to personne Since the magnitude 
ot areime tault curre the mid-pomt ol 
one run is only 36,000 and vy about half this value 
or 18.000 amp would come from each direction, it then 
appears ‘portant Oo set the stantaneous trip dle- 
ie of the 1600-amp teeder bre ers not higher than 
10 times, so they will trip instantaneously for any cur- 
rent over 16,000 

Another point that ist hecked carefully Is 


t cul ear the put end of the bus- 
vav at buswav plug M s 5. When the fault 


= 
first occult it th th renkers closed. the 
short-cireuit ne lt irrent itude Is about 
10.000 amp svmmetri 0.70 x 57.500) with about 


31,000 amp passing throug! the feeder breaker num- 
times, its mstan- 


Phen Fig. 6 shows 


taneous trip de ( 
the magnitude of current that would flow from the 
other direction through teed breaker number 4 
The maximum ie is 27.200 amp but for an areing 
fault this vould he reduced to 70! or nbout 19.000 
symmetric Fortunately this value will trip 
the breaker number 4 { { eous trip device 
is set not higher th 10 times Perhaps 8 times would 
be a sater setting 

High speed tripping Was given carelul attention mM 


the design, beenause 1 KHOW! that considerable 


ndustrial plants 


damage is done by arcing taults 
[It is the authors’ opinion that the most important single 
ition that ean be taken to reduce this damage is to 
select with great care the Instantaneous trip setting ol 
all circuit breakers, to make sure that they will trip 


to interrupt the current quickly (in not more than 4 
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Standard plug hanger 


Plug side shield 


Fig. 7 New low-voltage-drop plug-in busway rated 1600 
amp with busway plug attached 


or 5 eveles) for an areing fault occurring at any point 
in the sVstem. 

Figure 4 shows the time-current curves and also 
the instantaneous trip points of the L600- and 3000-amp 
circuit’ breakers 

Superimposed on this curve is the thermal damage 
curve for the busway. This curve shows how long 
the busway can carry given amounts of current with- 
out exceeding its temperature limitation of 55° C 
rise, Also on this curve are shown the arcing damage 
curves for the more massive aluminum conductor at 
the joints where all bus bars of like polarity are con- 
nected together and also for individual bars. 

Since the bus bars of the LVYDP busway are taped, 
there is no danger of arcing except at the bare spots 
at the joints or at the plug-in openings. In this type 
of busway the busway plugs make contact with three 
bars of the multi-bar interlaced arrangement of bars. 
The fuses in the busway plugs protect the branch 
circuit, and the individual bus bars for a short circuit 
on the load side of the fuses. For an internal arcing 
fault on these individual bus bars, however, the fuse, 
not being in the circuit, cannot proy ide anv protection. 
lor this reason it is desirable to set the instantaneous 
trip device on the feeder circuit breaker low enough to 
protect the individual bars 

teferring to the curve showing the arcing fault 
damage for one bar of the busway, this curve shows 
about how long a given amount of current can be al- 
lowed to flow through an areing fault burning on one 
bar in the busway without destroving more than 50 
of the conductor material Reading from the eurve, 
the bus bar could stand 20,000 amp for about 5 eveles 
and LOO.OOO amp tor about 3 ceveles The newer circuit 
breakers that trip in the range trom 2 to 4 cycles appear 
to be fast enough provided the Instantaneous trip de- 
vice is set low enough 

Some engineers may question the advisability of 
attempting to protect Trom arcing faults, belie ing that 
regardless of what is done, replacement may be neces- 
sury anyway. It is the authors’ opinion, however, that 
low voltage arcing faults are so destructive and dan- 
gerous that far greater care should be exercised in se- 
lecting protective devices so that the damage and dan- 


ger will be reduced to a minimum. 


Arcing Faults in Switchboards 
In this study both the maximum possible values of 
short-circuit current and also the minimum arcing fault 
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currents have been considered for short circuits at 
all points in the busways. No consideration has been 
given to a short circuit in the unit substation switch- 
board between the main breaker and the teeder breaker 
A short circuit on the line side of one of the feeder cir- 
cult: breakers, for example, would be approximately 
the same as at point M, Fig. 5, or 40,000 amp muini- 
mum for an areing fault. Only about 24,000 amp 
minimum would pass through the main breaker whereas 
Its Instantaneous trip device is set at 356,000) amp 
Under this condition the main breaker would trip 
after considerable delay but the instantaneous trip 
device would not funetion. Considerable damage 
would be done to the bus bars in the switchboard 

To provide high-speed protection for arcing taults 
in the switchboard without losing selectivity, it ap- 
pears necessary to use induction disk relays to trip 
the main breakers after a delay of, say, 8 eveles. ‘This 
would provide high-speed tripping and still the 8 cycles 
would be sufficient time to allow the feeder breaker to 
operate (in 3 cycles) to interrupt current to any short 
circuit on its load side without tripping the main 
breaker. 


be the use of the short-time delay in the selective system. 


Another equally-good arrangement would 


Emergency Condition 

In an emergency it is possible that the feeder break- 
ers | and 4 may be closed leaving the feeder breakers 
2 and 3 open (Fig. 5). The entire length of SOO ft 
of busway would be fed from one transformer. Under 
this condition the short-circuit current at point H, the 
extreme end of one run, would be 24,400 amp maximum 
with only about 17,000 amp in case of an arcing fault 
at the end. With the instantaneous trip device of 
circuit breaker 1, set at 10 times, it should trip to give 
protection for this arcing fault. This is a borderline 
case, however, and there is a chance that the breaker 
might not trip on the instantaneous trip device. A 
setting of & times might be required. 

Another possible solution would he to place ra dis- 
connect switch at the midpoint of both loops. Then 
the maximum length of busway would be only 400 ft 
and the short-circuit current would be a little higher 
so the feeder breaker should trip satisfactorily even for 
an areing fault. 

Coordination with Fuses 

In selecting the point at which the instantaneous trip 
devices are to trip, it is important, of course, to consider 
how they coordinate with the fuses in the busway 
plugs. On a system having this much short-circuit 
available only current-limiting fuses in the busway 
plugs should be used for two reasons. First, the fuses 
must have adequate interrupting ability. Second, it 
is highly desirable for these fuses to have a low value 
of /°7 to provide greater safety for arcing fault currents 
and provide a reduction in the forces on the smaller 
circuits Which they protect. 

Most current-limiting fuses blow so quickly on short 
circuit that there would be no danger of tripping the 
feeder circuit breakers before they blow, but it is im- 
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portant to ¢ heck actually the curves to make sure that 


comple te selectivity is achieved 
New Plug-in Type Low-Voltage Drop Busway 

the double parallel loops ol Dbusways Tet 
power to the heavy welding presses a new ty} 
plug-in busway was selected. This busway emy 
the interlaced arrangement of bus bars. Figu 


shows 


openings ay allable 


1 as type LVDP These buswavs are availa 


know 


ding 


a fused busway plug mounted on one of the 10 


i 10-ft length of the new busway 


In a range of ratings from 600 to 4000 unp with either 


coppe 


this | 


r or aluminum bus bars Anv 10-ft lengt 


VDP buswav is interchangeable with a 


length of standard LVD feeder busway 
Type LVDP busway rated 1600 amp with aluminun 


h oft 


bus bars was selected for this Chrvsler distribution 


system to feed the heavy welder loads 


Thi 
capab 
short 


are 


s busway with 4 bus bars in parallel per po 
le of withstanding the forces of a 100,000- 
circuit. The 4 bus bars in parallel of each 


mnected together at every between 


sections. The 100,000-amp short-circuit) current 


le Is 
pole 
di- 


vides among the 4 bus bars with about 25,000 amp 


per b: 
bars 
apart, 


ir. This, together with the fact that the 


are effectively supported on insulators 12 


explains its high short-circuit strength 


Dus 


In 


In the spans between insulator supports of any bus 


Way, 


to sw 


the forces during short circuit cause the 
ing back and_ forth In order to reduce 


bars 
the 


effect of this movement of the bus bars on the plug-in 


stabs 


Im eac 


Percert of Input Voltage 
& 


82 


Fig. 8 
without 


NOVEM 


of the busway plugs, the ten plug-in open 


h section of busway are positioned directly 


2000 
1000C 4-400 fod runs 1400 emp LYDPS Buswy 
rVA 2 
7 
ii} 
Series 
epecitors 
For welders distribute 
For al) 
welders at end of 
Full line curve shows the voltage 
regulation of the system with serice 
cepecitors used to nullify voltege 
frep in treneformers 
~ mahed curve * wi serie rs 


welders end 


gs 


] 


id- 


Voltage levels on Chrysler welder system with and 


series capacitors 
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jacent to the bus bar supports Also the stabs and 
stab insulators are designed with sufficient flexibility 
to permit some movement Based © tests on other 
similar devices, no damage is expected in either the 
busway or busway plugs for Q00,000-amp short 
circuit on the oad side ot irrent-limiting fuses 
mounted in the OUsWaVv plugs 

{mong the most important fe res of these plug-in 
buswavs are extremely lo les of resistance, reac- 
tance and voltage drop Phe tage drop value Is 
roughly half that of the conventio plug-in buswavs 


\ssuming a current of 1600 amip at a power Lactol ol 
0.70 on the 1600-amp plug-in buswav selected for this 


welder distribution svstem. the oltage drop 1s only 
1.22 v per 100 ft with loads distributed along the run 
With the entire 1600-amp load at the end, the voltage 


drop is 2.44 y per 100 tt 


Use of Series Capacitors to Improve 
the Voltage Regulation 

[It is kifown that series capacitors can be used to im- 
prove voltage regul ion On systenis W th welder loads. 
The a-c network analysis test Case No. 15 proved that 
a remarkable reduction in voltage drop could be 
achieved on the Chrysler system by using series capaci- 
tors 

The graph in Fig. 8 shows calculated values of volt- 
age drops or levels, first with and then without the use 
ol series Capacitors to ! illity the voltage drop in the 
transformers 

\fter some preliminary trials it was determined that 
all the series capacitors can be grouped together near 
the 10,000-kva main transformer. It is important, 


however, to break the total bank into units, one for 


the 10,000-kva transformer placed in series with it, 
and one for each 2000-kva transformer, being careful 
to place each one n the individu braneh eireuit in 
series with one 2O000-k transforme! 

The reason is that the series Capacitor Is unusual In 


that it can exactly nullify the voltage drop in a trans- 
former or busway. al the Itage drop will be nullified 


for all values of load irrent from zero to Maximum, 


provided that all the current which passes through the 
transformer or busway also passes through the capaci- 
tor and viee versa Thus it only one capacitor bank 
vere used and placed o1 the load side of the 10,000-kva 
transformer it could be adjusted to nullify the voltage 


drop in all transformers if a re fully londed. But it 
is obvious that anv decrease of current in any one ol 
more of the branch transformers would cause a voltage 
drop in all the other branches in which the current had 
not changed. This is because the drop in current pass- 
ing through the capacitor would make a reduction in 
the voltage rise in the part ol the ¢ Ipacitor which Wiis 
being used to nullify the drop in the other branches. 
Possibility of Leading Power Factor 

Actually only a small amount ot ‘apacitor kva is 
required to nullity the voltage drop in transformers or 
busway s, sice the voitage drop these devices Is 


only 9 or 10%, ot the total voltage Thus it would 
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Table 3—Electrical Parameters 


Ohms 
12 +)7.4 
104 +) 1 
O40 
00126 


System component 
138-kv (2,500,000-kva S.C 


10,000 kva 


Utility 
Transformer 
Cable LOOO ft 
Transformer 2000 kva 
Busway LVDP5 

Per 100 ft 

Per 400 ft 


OOOS1 
00324 


+} 0.082 
+} 


+) O OOO44 233: 
+) O.OOLT6 


r unit ohms 


20, 000-kva base 


Percent ohms 
666-kva base 
O05 
O36 
Ol4 


0 OO15 
0 0108 
0 0042 
0 


+} 0.0078 
+) 0.159 
+} 0.0033 
+) 0.54 


+) 026 
+) 0.55 
+) 0.011 
+ ) 1.80 


0 O70 
0.28 


+j 0.0383 
+} 0.158 


+) 0 
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appear that there would be no possibility of having a 


there is 
possibility, the 
vers lightly londed to Say, only 5 or 10! ( with high Pr 


be 


power Taector i the capacitor selected Is larger than 


leading power Tnetor Theoretically, 


however, because when system is 


load, it would then possible to have i leading 


necessary to nullify the inductive kva in the transform- 
ers or buswavs This is of little importance, however. 


Series Capacitors for Busways ° 


If all the load is conneeted at the end of the feeder, 
a capacitor can be selected so that the voltage at the 
end remains unchanged for all values of load from no 
load to full load. It is evident that the voltage level 
the of the for 


buswavs such as plug-in busways where the loads are 


varies along length run. Therefore, 
distributed along the length of the run, it is not pos- 
sible to select series capacitors that will completely 
nullify the voltage drop to all points along the busway. 
Thus there appears little advantage in using a series 
One ¢ be used to 


capacitor tor plug-in busways. an 


hold the voltage level constant at about the pot 
in the run, but there will be a voltage rise at the input 
end and a drop at the output end equal to about half 
the normal drop. 

The Chrysler system was designed to provide satis- 
using capacitors 


at 


fnetory voltage regulation without 


with the intention of considering their use a later 


date when production increases beyond a certain level, 
A-C Network Analyzer Tests 


The eleetrie distribution system feeding the welder 


load at the Ohio Stamping Plant of Chrysler Corp 


Was simulated by a 3-phase test on the a-c network 


analyzer at the General Electrie Co. in Schenectady 


Parameters of the 10,.000-kva 1I38-kv transformer, 
the 13.8-kv cables, the 2000-kva 13.8-ky 
and the double loops of LVDP busways as tabulated 


in Table 3 were set up on the analyzer. 


transformers, 


Sixteen tests or case studies were conducted using 
the network analyzer: 

Case 1. Fault at point A at of S800-ft loop 
of LVDP5. Base kva 20,000 unit current 24.060 
100°). All tests with 400-ft runs of LVDP5 
SO00-ft loops unless noted otherwis On all 


line 


tests the base voltage is 480 v line to line or 277 v | 


center 


amp 


busway 


to neutral. 

2, Fault at secondary side of one 2000-kva 
Base kva 20,000 

Apply 14000 A 

Base kva 3000 unit 


These values remain the same for all remaining 


( 


transtormer unit) current 


24,060 amp 
() 


3@ load at point A. 30 


36100 amp 


(‘asc 
PF. 
100°; 


tests 


eurrent 


;. Apply 14000 A 3¢@ load at point A and one 


at point B 0.30 PF. 


( 


Apply 1 — 4000 A 1@ load at point B O30 


( 5. 
Pr. 


Case 6 1000 A 3¢@ load at point A and 


Apply | 
Point B 0.30 PF. 
— S000 A 1@ load at point B O30 


at 


Apply 1 


(‘ase 


rr. 


Table 4—Voltage Drop Values from A-C Network Analyzer Test 


Voltage drop in 
10 Busway 
Cable & 2000-kva lo 

point A 


0 


transformer 


») 


9 


Busway 
lo 
point 


Load 
al 
point 
B* 


Load 
at 

Point 

3651 


3426 


Total ©, 
vollage drop 

at load 

A Point B 

3423 
3602 
3390 
6600 
6570 
6570 
6210 
6280 
5920 
6000 


3523 


5406 
3436 
3320 
3946 
3330 


* See Fig. 2. 
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9 1.2 6.3 
Be 10 6.5 12.2 0 
ll boo 11.5 
So 12 6.9 11.5 1.3 6 
6.3 11.2 10 0) 
15 19.0 16.3 2.1 
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Fig. 9 Three-phase 
vector diagram showing 
voltage levels deter- 
mined in a-c network 
analyzer test 11] 


Load Conditions: 


4000A J load et point A (Fig. 
19 load at point B (Fig. 
PF 


C'ase 8 \pply SOO) \ lo load al 
Ph. 
(‘ase 


(‘ase 


Apply 1 SOOO A 1@ load 


with 


10. buswav radial both loops 
Apply 8000 A load 1¢ 0.5 PI 

\pply 14000 A 
PI 

4 Repeat Case 
100 to ZOO tt 
\dd SO ft 


tween the 2-2000-kva transformers 


onnect 
open 
1-S000 A 


(ase 
lo at 
with length 


Case 
changed from 
wav be 

LOOO A 
SOOO 


Limiting Bus 
Apply | 
Apply 1 


103 Current 
3¢ 0.3 PE load on one transtorme 
0.3 PI 


(‘ase 


load on other transformet 
10-12-14 on Ca 3 


1 
with 


\pply fault at 
loads connected. 

15 
10,000-kva transformer, repeating ¢ 
16 11 with 


On) secondary 


11 
1500-kva 


(ase Insert series capacitor 


Case Repeat Case trans 


formers. 
The results of the network analyzer tests were in close 


agreement with calculated values of short-cireuit cur- 


rent and Valuable information w 
obtained from the tests to aid in making decisions o! 


ot \s 


drop. 


\ oltage 


the design future systems. an example, test 


NOVEMBER 1957 Fisher. Dailey 


Bu 


1g 

39 
Load side of 10,00C kvp’ trensformer 
2000 


Percent Voltage Drop 


40000 W 8000A 19 


dica 


Vell 


number 
to reduce, or ¢ 
formers and feeder 
vantage of the doul 
ing the voltage drop 


ing ability because 
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Although it 1 


sent in detail an 
the voltage-drop 
at the mid-pomts ol 


The 


welder 


tests 


Lor 


1 current 


tiny 


the same 


fem at 


terest 


currents are 
drop under these conditi 
elent aceuraes 
voltage drop determi 
the 
single-phase current 


drop tables must | 


hterature tor 


the 


viously 


to the balanced 3-phase current and 


tables for the single-phase current 


may arise 1m some types of busways, 
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sary for the manufacturer to provide a third set of 
tables showing the voltage drop values for a single- 
phase current on one phase of a 3-phase busway. In 
the LVDP busway used on this job, this voltage-drop 
value happens to be the same as the values for single- 
phase currents on a single-phase busway. 

I}lustrative of the data or information obtained from 
the a-c network analyzer tests is the 3-phase vector 
On this test the 
single-phase current of SOOO amp, in addition to the 


diagram shown in Fig. 9 for Case 11. 


3-phase current of 4000 amp, exceeds the maximum 
values anticipated in actual production but it makes a 
good example since the voltage-drop values are ex- 
aggerated (unusually large). The single-phase load 
ol SOOO amp ts connected to phase conductors A and 

The result is 6.507 drop in the 10,000-kva transformer, 
Iso, drop in the 2000-kva transformer and about 45 
drop in the busway, making a total voltage drop in 
phase AC of 22°, 


Conclusions 


It is believed that the method used, both in the ex- 
ample in the paper and for the Twinsburg system, Is 
very effective in selecting the proper system elements 
and it takes many factors into consideration. 

1. It provides system elements adequate to satisfy 
the thermal requirements, voltage-drop requirements, 
short-circuit) requirements with protective devices 
that will coordinate properly, providing selectivity and 
high speed tripping for both the maximum values of 
short-circuit current and the minimum values of arcing 
fault. current. This provides greatly increased protee- 
tion for the equipment since the damage done by are- 


ing faults is a function of the arcing time. More im- 


portant, it provides greater safety to electricians 
working with the equipment. 

2. The use of the probability curves permits the 
selection of transformers, cables or busways with smaller 
ratings than would be required otherwise. 

3. The double parallel loops of plug-in busways 
provide parallel paths for the welding current, effec- 
tively increasing the busway’s current-carrying ability, 
and reducing the voltage drop in both the busways and 
transformers. It also makes it easier to obtain selec- 
tivity between the main and feeder circuit breakers 

1. The new plug-in busways used to feed the heavy 
welding departments are ideally suited for this applica- 
tion. They have adequate short-circuit strength, and 
the voltage drop is reduced to almost half that of con- a 
ventional plug-in busways. 

5. Series capacitors can be used to nullity par- 
tially or completely the voltage drop in transformers 
and also in feeder busways. 

6. Vector-algebraic calculations of short-circuit cur- 
rent values and current division around the par- 
allel paths in the busway loops or an a-c network an- 
alvzer study is necessary in order to select properly 


system elements. 


Acknowledgment 
The authors acknowledge the work and helpful 
suggestions of John Hamilton, R. H. Kaufmann, W. FE 
Long and Heinrich Hansen of the General Electric 
Co., and V. C. Aderente of Albert Kahn Associated 
Engineers). 


References 
Boies W kK Probabilities of Interference Between Resistance 
Welders ATEE Trans., 70 (1951 
2. Power Supply for Resistance Welding Machines, AIEE Publication 
8-45, 1952 
; Boice, W 
Loads,” 


K., “Equivalent Continuous Current for Groups of Varia 
lrans., 70 Part II (1951), pages 1938-1941 


THE GAMMA RADIOGRAPHIC CONTROL 


OF WELDED TRANSMISSION LINES 


Paper by C. C. Bates was published in the November 1955 issue of The Welding Journal, 34, 1081-1096. 


DISCUSSION BY FRANK C. PARKER 


The author concludes his excellent paper with the 
statement: it should be possible in the future to 
ultrasonically examine the majority of welded joints in 
transmission lines at greater speeds than is possible 
today.” He does, however, possibly create some 
confusion in the minds of American readers by having 


Frank C. Parker is Senior Engineer, Nondestructive Testing, Carbide and 
Carbon Chemicals Co., South Charleston, W. Va. 
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previously stated: ‘Difficulty was also experienced in 
differentiating between lack of root penetration and 
excess penetration as is schematically shown in Fig. 21.” 

The difficulty in such interpretations is not ex- 
perienced in the United States where 5l-deg angle 
wedges are used for such work. The clarity is illus- 
trated in Fig. D-1. 

It is possible that the accessories used by the author 
did not give a clear response. In this country, a 
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31- to 36-deg angle wedge is used which results in an 
incident shear wave into steel at 40 to 45 deg The 


15 deg is optimum. 


AUTHOR’S CLOSURE 


The author thanks Frank C. Parker for his constructive 
contribution to the discussion and in reply would 
comment: 

It is interesting to note that using the 31—36-deg 
angle wedge producing an incidental shear wave at 
10-45 deg produced such a very clear response on the 
oscilloscope 

\s reported in the paper, we used a 20 deg transverse 
wave probe and also achieved a very clear response; 
but it will be appreciated that although we found 
satisfactory results in laboratory and factory conditions, 
under field conditions—-which are far from ideal—we 
found the point made by the author to be the ease and 
as such reported upon it. Further, we reported that 
shallower angle probes might have solved this probl mi 


but as the pipes involved were factory bitumen coated, 


Macroetch of Welds in Carbon-Steel Plate 


Instrument settings for Sperry, 
Type UR, reflectoscope 


this use of shallower angle wave probes was neither 

economical nor practicable under the circumstances. 
The author never inte in the paper, 
Rather, at 

the expense of repitition, he would repeat his final 


that the use of ultrasonic 
conclusion in so far that “coupled 1 a cross check 
percentage of gamma radiography and with further 


research and development in conjunction with the 


equipment manufacturers it should be possible, in the 


future, to examiune ult Leal \ the majority ot 
welded Jomts in transmission nes at greatel speeds 
than it is possible today 

In conclusion, the thor in thanking Mr. Parker 
for his constructive the discussion, 
vould stress the obvious rability of the fact that 
the use of nondesti ng equipment should 
always be in the hane Or al xperienced and com- 
petent authority, as even with the 
3l-deg angle wedges used by r. Parker, twin defects 
in a weld could be such that one would iperimpose its 
image over that of the other, a therelore an erroneous 


reading on the OSCLILOSCODE obtained. 


Oscillograms Showing the Reflections 


Sensitivity 


Figure D-1 
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F > 
Excessive penetration A 
Insufficient penetration 
Sweep Pulse Pulse Frequen 
Shear 5.1 10.0 6.8 
2.15 
1097 


$11.35 SPENT FOR NICKEL-CORE ELECTRODE 
SAVES $1600 IRON CASTING 


BY HARRY PEACOR 


his story stems trom abnormal conditions subjecting 
equipment to tremendous shock and strain. Such often 
happens to earthmoving equipment happened toa 
crawler tractor that landed for repairs and recondition- 
ing at Shepherd Machinery Company of Los Angeles, 
Calif 

The casting was the final drive housing. It was 
eracked and broken. Cost for a new replacement would 
have been $1600) plus freight from the factory. But 
machinery firms buving, reconditioning and reselling 
used equipment do not live and prosper by junking 


broken parts and replacing them with new ones. They 


depend, perhaps more than any other type of business, 


on finding and using new and better ways to make 
broken and worn parts as good as new or better than 
new 

Until about two vears ago Shepherd Machinery, as 
Was common throughout the trade, had been brazing 
broken iron castings. This was necessitating complete 
disassembly and preheating, which along with rising 
labor costs Was narrowing their margin of profit. They 


began searching for a better and less costly way 


Harry Peacor Reg il Manager 
White Plains, N. 


Fig. | Seriousness of breaks on right side of $1600 final 
drive housing of crawler tractor. Repairs were made with- 
out complete disassembly. Here cracks have been vee-ed 
and flame-cleaned of oil and grease. One welding pass 
has been made 
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Fig. 2 Right side cracks in final drive housing have been 
welded in place and the welds are ready for final finish 


decided to try are welding. The first trials didn’t 


satisfy them. Deposits were too porous. They were 
There was underbead cracking, 
which caused leaks. Welds lacked required strength. 


These were the circumstances when they were ready 


not fully machinable. 


to tackle the final drive housing in 1954. They 
decided to seek technical help from their welding supply 


house. 


The accompanying pictures (see Figs. | to 4) 
were made on that occasion. They show the nature ot 
the breaks, which were not confined to any given area 
The results were excellent. The tractor has been in use 
ever since. In so far as the final drive housing is con 
cerned, it should remain in use until or unless there is 
another accident of the kind experienced betore. 

The electrode seleeted was one designed to weld on 
cast iron at extremely low amperage. It could be used 
on either a-c or d-e current and could be obtained in all 
standard core sizes. Several of its characteristics 
made it particularly appealing for the job at hand. It 
was fully machinable ... practically free of spatter 
and in its */g-in. core size could be applied with 40 amp. 
Due to the extent of the breaks to be repaired, it was 
very important to pour the least possible amount of 
heat into the casting so as to minimize the chances ot 
distortion. 
job. Electrode cost totalled $11.35. 


job cost included partial disassembly, preparation of 


Five pounds of this electrode completed the 
Other items in 


the cracks, lineup and clamping, welding, peening, 
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Fig. 3 Welding under way on left side of final drive 
housing on crawler tractor. Low amperage nickel-core 
electrode enabled welding in place without preheating 


machining, painting and reassembly And 
there was a charge for the welding machine, fuel and 
consumed supplies. All these items together added 
$335. Of the over-all job cost it is worth noting that 
the electrode cost was about 3°, Yet, it was this 
3°; that enabled the success 

\ pneumatic chipper was used to vee the cracks 
Standard practices ol lineup and clamp gy were [Oo 


1 


lowed. Surfaces to be welded were cleaned of all sand 


dirt, oil and grease The latter was removed by 


Fig. 4 Completed weld on left side. Electrode cost for 
total repair both sides was only $11.35 


l 


heating with alr-acet vl 

Maximum penetration was d along with low 
Het i rs rit Wis decided 
upon Welds were 


residue Was removed 


Pisses | lux 


\s Is @) ident in th pieture the! e breaks on 
both the right 1c Passes were 
alternated between the recautionary measure 
against distortiot is did not see to be necessary, 


but was done anvwa\ 


IRON-POWDER ELECTRODES CUT WELDING 
TIME ON FORK-TRUCK FRAMES 


BY RAY ZEH 


Lift trucks, built by the Automatic Transportation 
Co., Division of Yale & Towne Manutacturing Co., at 
its Chicago plant, are designed with a welded steel 
frame to carry the normally high loading stresses 
encountered in service 

(Assembly of the frame components 1s greatly facil 
itated by use of the trunnioned fixture, shown i 
Fig. 1. It insures correct relative location of the 
components employed and also facilitates the weldn gf 
because the fixture can be turned and locked in any of 
several angular positions, these being such that all 
welds are accessible and ean be made IN) the most Col 
venient downhand position. Positioning makes it 


Ray Zeh is District Engineer associated with 
Cleveland, Ohio 
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possible lectrodes which 
result in highet 

After tacking, Jomts a weld with an -6024 
electrode 

Figure 1 shows a_ partly ted frame weld- 
ment for a model C. F. truck nioned fixture, 
at the left end of which there is a socket wrench for 
locking the fixture ious desired positions. 
Fixture construction when welding is 
completed, the weldment can removed hy a crane 
or DV a fork truck some welds especially in areas 
not aecessible when the weldment is in the fixture, are 
made after removing the When completed, 
the weldment appears as 


Total welding time per frame approximates 5! hr 


Fig. 1 Trunnioned fixture in which lift truck frames 
are arc welded, using an E-6024 electrode. A partly 
completed frame is shown in place 


or some 20°7 less than when other than iron-powder 


electrodes were used. This saving is reduced some- 


Fig. 2 Completed frame weldment produced in the fix- 
ture, Fig. 1. Use of this fixture and of iron-powder elec- 
trodes have reduced welding time to 5' » hr per assembly 


what by the fact that the average length of welds is 
fairly short. 


CYLINDER CARE CUTS 


Oxygen cylinders and acetylene cylinders are built to 
stand rugged use. But they shouldn’t be bounced 
around, handled carelessly, or misused. Here are 
some points to remember in protecting these expensive 
containers, 

If you have to move cylinders a considerable distance, 
use a cylinder truck equipped with a chain or other 
steadying device to prevent them from being knocked 
over (Fig. 1 When you lift eyvlinders vertically or 
transport them short distances, use a cradle, boat, or 
suitable platform for use with a hoist (Fig. 2). Never 
use slings or electric magnets 
Don’t Wrestle with Cylinders 

When you move a evlinder by hand, tilt it and roll 
it on its bottom edge (Fig. 3). Dragging or sliding a 
evlinder is a bad practice and requires much needless 
effort 

( xVgen and acetylene cy linders are designed for only 
Don’t risk cylinder 
And re- 


member: a falling evlinder can injure vou or others 


one purpose —to contain gas safely. 


damage by using them as rollers or supports. 


Linde Co., New York, N. ¥ 
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and damage equipment. 

Upright cylinders are serviceable cylinders. Keep 
them that way. Use a chain or piece of strong metal 
tape to secure cylinders to a wall post, cylinder truck, 


or other firm support. 


Check the Caps 

Before moving an oxygen cylinder, check the valve 
protection cap ( Fig. 1). Don’t depend on anyone else 
they might be careless. Be sure the cap is on straight 
and hand-tighten it yourself. 


lying on its side: make sure the cap is tight, then grasp 


If vou find a cylinder 


the cap and raise the cylinder to a standing position 
Never use the cap to lift a eylinder clear of the floor 

If a cylinder valve can’t be opened by hand, leave 
italone. And if you receive a damaged cylinder, don’t 
try to repair it yourself. Tag such a cylinder as defec- 
tive to prevent somebody else from using it. Then 
notify your supplier; he’ll replace it with a cylinder in 
proper working condition. 

Keep oxygen cylinders away from oily or greasy sub- 
stances; never leave them where oil or grease can fall 
on them; and don’t handle them with oily hands or 
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Fig. 1 Anchor cylinders upright. A hook over the top 
edge of the acetylene cylinder will prevent the chain from 
slipping 


gloves. Oxygen won't burn, but it supports and aecel- 
erates combustion—causing flammable materials to 
burn with great intensity. 
Arc Burns Can Ruin Cylinders 

One of the most common causes of cylinder damage 
isare burning. Yet, witha little thought and care, are- 
burning can be eliminated completely—-and you'll do 
away with the expense of testing, reconditioning, or 


replacing are-burned cylinders. 


Fig. 3. Don't drag a cylinder. Move it easily by tilting it 
and rolling it on its bottom edge 


NOVEMBER 1957 


Fig. 2. Safely transport cylinders in a cradle. Chain the 
cylinders together to keep them upright 


\re burns are caused by a current passing through a 


grounded cylinder. Remember to keep your electrode 


holder, arc, and any source of current away from cyl- 


inders. If this isn’t practical, use a suitable guard 
between the ey linders an work 

\lso keep vour cylinder ay from work tables and 
welding fixtures: be careful y and where the work 
is grounded so that the ground connections never touch 
the evlinders; and make certain that the cylinders 
themselves are never grounded—insulate them with 
wood or rubber 

When you finish a job, be sure to close the cylinder 
valves. Make it a habit it'll save worry for you and 
money and trouble for the shop 

Remember: cylinder care pays off. It eliminates re- 
pair costs, and makes more cylinders available to supply 


you with oxygen and acetylene— when you want them. 


Fig. 4 Check the valve protection cap on your oxygen 
cylinders to make sure they're on straight and are hand- 
tight 
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District 1 Sponsors New England Regional 
Conference on Welding 


The second Annual Conference on 
Welding sponsored by the Sections in 
District | was held in Boston on the 
ISth of September 

The dav-long program consisted of 
SIX technical sessions each presided 
over by a recognized expert in a partic- 
ular phase of welding or brazing. The 
110 members and guests were enthusias- 
tie in their reception to the speakers’ 
approach to the various subjects pre- 
sented, and spirited question-and-answer 
periods followed 

\ petper on The Union-Ar Process” 
was delivered by J. KE. Dato OWS, of the 
Linde Ce Magn tic Foree We lding”’ 
was the subject of a delivery by Arthur 
Schueler AWS, of the Precision Welder 


& Flexopress Corp and paper on 
“Brazing Stainless Steels for High 
Temperature Service,” was presented 
by Robert L. Peaslee WS, of the Wall 
Colmonoy Corp 

Luncheon and Council meeting at 
the Sheraton Plaza Hotel followed the 
morning program. 


Three more papers were presented at 


NEW ENGLAND REGIONAL CONFERENCE IN BOSTON 


Among the participants at the second annual conference 
sponsored by District 1 were (left to right): E. W. Jamison, 
R. L. Peaslee, H. Thielsch, A. J. Rosenberg, J. E. Dato, W. A. 


Wilson and A. Schueler 
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the afternoon technical session as fol- 
lows: “Automatic Welding of Small 
Turbine Wheels” was covered by Ernest 
W. Jamison of the General Electric 
Co.; “Why Weldments Fail” was dis- 
cussed by Helmut Thielsch 3, of the 
Grinnell Co.; and ‘Problems Associated 
with Welding of Aluminum in Missile 
Applications” was given by William A. 
Wilson @W9, of the Army Jallistics 
Missile Agency. 

A social hour and banquet followed, 
with Section Chairman Harvey 3. 
Miller as toastmaster. Seated at the 
speaker's table were National President 
C. P. Sander; National Secretary F. L. 
Plummer; Director, District One, Sid- 
nev Low; and T. B. Jefferson WS, Edi- 
tor of “The Welding Engineer,” who 
was the featured speaker Mr. Jeffer- 
son gave an interesting, humorous, but 
highly thought-provoking speech on 
“The Future of Welding,” in which he 
traced the growth of the industry from 
the early part of the century, up through 
the present and on into the future. 


AWS Loses 
Great Champion 


Varguerile M. Kelly 
Dies Afler Hearl Allack 


On October 22, the distressing 
news reached AWS headquarters 
that Miss Marguerite M. Kelly, 
Secretary Emeritus of the Ameri- 
can Welding Society, had passed 
away earlier in the day, after 
being stricken by a heart attack. 
Printer deadlines make it im- 
possible to publish) more com- 


plete details in this issue. but a 


fitting tribute to this dear friend 


will appear in the December 


Journal. 


The Editors 


The honored guests and featured speakers included (left 
to right): Secretary F. L. Plummer, T. B. Jefferson and 
President C. P. Sander 
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THINGS YOU SHOULD KNOW 


(That Happened in September) 


Vice-President I. Mac- 
spent September 4th with vour 
| 


Second 
SOCIETY Secretary reviewing names of 
benefit from 
Welding In- 
Head- 


ind widely 


companies which would 
the establishment of a 
formation Center at 


SOCTETY 
quuarters to aid in collecting 


disseminating information about new 
developm nts in the use of welding 
Members of his committee on Welding 
Information i 
Manufacturers’ Committee, are active 


seeking funds so that this program may 


subcommittee of our 


be initiated at the beginning of 1958, 


Lith, vour 


presented a technical talk before mem- 


e On September secretary 
bers of the Stark Central Section, meet- 
Olhto vith Chairmat 


Morgan 


ing m Canton 


Bill Evans, of the 


engineering 


Co., presiding. The large and enthu- 
siustic group which gathered at Mergus 
Restaurant gave ample evidence of tl 
itulitv of this voung sect I is 
looking for rd to Europe 
hich inclu it business stop at Trieste 


Italy Your See 
by Frank Howard, Preside 
Welders Supply Co.. after being met at 
the airport by Mr. Smith, one of his 
staff mer Folloy 

land with W. J 


and a few hours in the ¢ 


retary is welcomed 


Fauser of Scott-Tarbell 
eland Hotel 
your Secretary held conferences 
staff members of ASM. concerning the 
2nd World Metallurgical Congress to bi 


held in Chicago early in November 
President P. Sander devoted fu 
time during the period September Lot! 


to 2th to activities of vou 
On Monda 


your Secretar 


SOCIETY 
ptember 16th, he and 
ittended a meeting 
vour Headquarters Housit 


Committ 
ealled by Past-President J. H. Humber 
stone to consider costs and relative ad 
vantages of headquarter facilities at 


different lo 
National P 


man Tom Armstrons 


itions: a meeting of vour 
ipers Committee with Chair- 
in charge, at whicl 
papers were st ected for presentation at 
the Annual Meeting to be held wu 
April 


double the required number of suitable 
| 


St. Louis next more than 


papers were submitted for onsidera- 
ommiuttes and 1 recep- 


tion and sectional meeting of NWSA. 
included attend- 


tion bv this « 


The following day 
ance ata design conference and luncheon 
sponsored by Alcoa with vour Secretary 
as member of a technical panel; anid 
meetings of the Fabrication Division 
and Executive Committee of PVRC 

Wednesday included — the 
annual all dav meeting and 
the PVRC Main Committee with vour 


activities 


uncheon of 
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mbers of our Ne 


nsportation from and to the airport 


tra 

nd efficiently presided at the 
hour and banquet at h President 
Sander. District Director Sidney Low 
ind your Secretary spoke briefly befors 
Ted Jefferson presented an excellent 


tt I. F. Lineoln, President 
| | t ( LISCLISSE’ 
t s that ne t 
ality. H phasized 
! 

. des it s to det 
| t r rop | 

~ tT an } 
tinted | tu 


Mr. | the opinion that 


Willing to 
! essar to 
te sions and 
prehensive 
studies on porosity 1 ntly completed 
t State | t inder the 
na » ompany It wus 
tink ommittees should 
nossibl ( ew standards 
etermil in nlormation needed, 
tiol then rewrite and 
nee indicates 
t! ! 

Phi ounes considered 
ita su tted | \ssistant Treasurer 
Frank Moon il Pechnical Secretary 
Ed Fent ring the costs of pro- 
ng t s AWS technical pub- 
t recommendations 
AWS publi- 
tions iding schedule of dis- 
ts t <CCTIONS book 

R educat il groups and others. 
A ( ( | Jackson and 


ps outlined 
pre sents ad 


tion of thi 


1] } mort on the edu ii- 
. ist April in 
| section. of 
Ibook is ng prepared 
next vear 
+] ers will 

t Cal 
On 20th, Presi- 


AWS DIRECTORS-AT-LARGE 


1958 
F. H. Dill 
E. D. Peters 
J. L. Wilson 


Term Expires 


R. J. Yarrow 


J. H. Blankenbuehler 
G. E. Linnert 
P. G. Parks 


F. H. Stevenson 


1959 1960 

J. F. Deffenbaugh 
A. E. Pearson 

C. M. Styer 


R. M. Wilson, Jr. 


AWS DISTRICT DIRECTORS 


District No. 1*New England Sidney Low 
District No. 2*Middle Eastern D. B. Howard 
District No. 3*North Central H. E. Miller 
District No. 4*Southeast E. C. Miller 
District No. 5*East Central H. E. Schultz 


District No. 6*Central Keith Sheren 


District No. 7* West Central A. F. Chouinard 


District No. 8*Midwest F. G. Singleton 
District No. 9*Southwest P. V. Pennybacker 


District No. 10* Western C. L. Breese 


District No. 11 *Northwest C. B. Robinson 


OTHER DIRECTORS 


Honorary Life Director C. A. Adams 


Junior Past-President F. L. Plummer 


Junior Past-President J. H. Humberstone 


Junior Past-President J. J. Chyle 
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secretary acting s Chairman and a ie 

Inte afternoon flight to Boston to jom 

it the Second New kngland Welding 

Conference ~ Miller furnished 

talk on Phe Future ol Welding.” 

Another flight returned your President 

ind Secretary to New York for a fev 
hours sleep before starting an all day a 

meeting of vour Technical Cour on E 

Phursda 

\t this meeting vitl | rst Vie 5 

President G. O. Hoglund in charge, and Handbook Editor Art 

th Art Kugler, ( rman TAC, and tivit thes : 

C. EJ n, Chairman EAC, t 

dent Sande) First \ e-President Hog- 


lund, EAC Chairman Jackson and your 
Secretary flew to Buffalo for a confer- 
ence with top officials of the Canadian 
Welding Society 
major reorganization of their society 


who are planning a 


and wish to establish closer relations 
with AWS. “Is” Morrison welcomed 
vour officers to Buffalo and furnished 
transportation to and from the airport 

President Sander joined yvour Secre- 
tarv and Mrs. Plummer for the weekend 
at their home in Stamford, Conn., where 
they occupy a suite in the Town House 
at 65 Pre spect Street 

During the following week President 
Sander and vour Secretary enjoved the 
unexcelled hospitality of Texans at 
Corpus Christi, Houston, 
Beaumont, San Antonio and Austin, in 
spite of record breaking rains which fell 
almost continuously throughout — the 
Week. night, at well attended 
dinner meetings, President Sander pre- 
sented a talk outlining Socrery activities 
and achievements. This was followed 
by a technical talk 
secretary. 

At Corpus Christi, Alto Webb and 
Henry De Ville acted as special hosts 
for the meeting at Pike Grill and pro- 
vided transportation which included a 
plant visit to Southwestern Oil and 
Refinery and a tour of this lovely and 

industrial ares Rov 
Hubert Crick 


Galveston, 


given by vour 


tust growing 


Pringle and drove us 


from Houston to Galveston where John 
J. Kane and M. J. Bertini conducted 
the meeting, after which President 
Sander installed Don Allsen as new 
Chairman of the Division. In Houston, 
Pringle and Crick gave us a complete 
all day industrial tour of the area in- 
cluding plant inspections of Wyatt 
Metal and Boiler Works, where Jim 
Earthman acted as host, and of Mosher 
Steel Co. with which Crick is associated. 
A luncheon meeting of the Houston 
Section officers was followed by the 
evening dinner meeting of the Section 
at the Ben Milam Hotel with Chairman 
Roy Pringle in charge. 
Another full day in the 
Orange-Port Arthur area, following a 
6:00 A.M. departure from Houston, 
included plant visits to American 
Bridge Co. and Levingston Shipbuild- 
ing Co. at Orange, a general tour of the 


Beaumont- 


many chemical and petroleum plants, 
a luncheon at Orange and the dinner 
meeting at the new Ridgewood Motor 
Hotel at Beaumont delightful 
surroundings with fine group ot 


amid 


interested men representing the various 
important industries concentrated in 
this area. Bill Brandt of Big Three 
Welding Equipment Co. was a most 
gracious and generous host, and Paul 
teitz, Chairman of the Division, handled 
the meeting and welcomed us to Lev- 
Ingston Shipbuilding where we saw a 


barge launching and inspected huge off- 
shore drilling platforms. 

The program for Friday included a 
luncheon in San Antonio and a visit to 
Southwest Research Institute with D1 
I. Wenk, Jr. as host. Another airplane 
ride brought us to Austin and the dinner 
meeting at El Toro Cafe with many 
representatives from the State Highway) 
Department (Texas is a leader in the 
construction of welded steel bridges 
and the University (where important 
research in welding is conducted 
Dan Harrell, Chairman of the Division 
presided. We were sorry to miss Vice- 
Chairman Clarence Rea, who handled 
correspondence for this meeting but was 
unable to attend. District Director 
Perey Pennybacker, who had welcome 
us to Texas at the Corpus Christi meet- 
ing, also attended this meeting and wit! 
Section officers accompanied us to the 
airport to wish us bon voyage on out 
flight to Dallas, where your Secretar 
left President Sander and headed [ast 
on a night flight. President 
returned to Los Angeles the following 
day, completing a two week period 


Sandel! 


which included a suecession of long 
fully scheduled days kept pleasant 
the outstanding hospitality of 
mentioned herein and 
others to whom we also send our sincer 
thanks. 


thos 


Many, 


Fred L. Plumme 


EAC 


Welding and Its 
Educational Levels 


Th SV posit on edueation, held 
mn April at the 38th Annual Convention 
of the AmerIcAN WELDING SocleTy 
revealed some startling facts. It dis- 
closed the danger the welding industry 
faces through lack of trained men and it 
indicated the inadequacies at all levels 
of scientific and engineering education 
during 
This has been edited 


A tape recording was made 
the symposium, 
and prepared for distribution to the 
educational representatives of each AWS 
section. Some sections are arranging a 
talk, based on the symposium report, at 
meetings this fall. An 


discussion following such a talk would 


section open 


be exceedingly valuable uf it revealed 
the availability, quality and coverage ot 
welding education locally. 

Clarence Jackson, with his co-chair- 
man H. A. Sosnin, presided at the 


Prepared by Educational Activities Commi 
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symposium. Speakers included Dr. 
Howard Landis Bevis, chairman of the 
National Committee for the Develop- 
ment of Scientists and Engineers; M. 
M. Hanson of the U.S. Department of 
Labor: H. KE. Baldwin of the Le 
Tourneau Westinghouse Co.; R. D. 
MeCauley, associate professor of Weld- 
ing Engineering at Ohio State Univer- 
sitv; and Dr. Howard Hogan, U. 5 
Department of Health, Education and 
Welfare. 

Mr. Jackson opened proceedings by 
pointing out some of the vast changes 
which have taken place during the last 
fiftv vears: ice has been replaced by 
10 million refrigerators; 
a Christmas novelty, have 
necessity; the 


oranges, from 
become an 
evervday horse and 
buggy has been replaced by 50 million 
automobiles and the livery stable by 
100,000 gasoline stations. 

This brought up the question as to 


Society New 


whether our thinking had kept 4 
with these changed conditions 

It was pointed out that the Bureau of 
Census reports that we have approxi- 
mately 300,000 welders in the Unit 
States. We could use another 100,000 
if they were available. Within the next 
few years our needs will doubl \ 
statement by Dr. Abrams of tl 
National Asseciation of Manufacturers 
indicates the magnitude of the shortag: 
In his address he states: ‘‘a nation whos 
entire material progress and existenc 
depend upon science and engineering 
now finds itself desperately short of 
both.” 

Dr. Bevis pointed out that in the 
year 2000 there will be twice as many 
people in the U.S. as there are toda) 
Our most valuable natural resource is 
people. Yet this increase in popula- 
tion is fast becoming a liability instead 
of an asset. Our material resources are 
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shrinking at an alarming rate and the The short-range program would involve realized his field is engineering it 1s 
only logical answer to the problem is the introduction of another classifica- frequently too late to obtain the funda- 
education—trained men with the knowl- tion—the technician, «a man whose mental courses in mathematics and 
edge and skill to transmute our re- manipulative skill could be recognized physics. Under our present educational 
sources into more and better things in the same wav that academic skill is structure, young men must elect engi- i 
Some interesting comparisons wert recognized, This man would fill the neering or science as a life’s work prior to ie 
drawn between Russia and ourselves gap between the graduate engineer and entering high scho The ground work hy 
It was stated Russia has realized that the skilled worker must be done before entering college and om 
military strength and economic strength The importan of apprenticeship must include mathematics, chemistry 
ure just two phases of the same thing training was stressed by Mr. Hanson ind physics By 
Without economic strength there can He explained how emplovers and labor Dr. Hogar ho had government ¥, 
be no sustained military strength and were helped by state apprenticeship statistics to back up his opinions, ex- 
education is the key to both Having agencies to develop apprentice training press the ew that industry is eating : 
grasped this basic concept Russia set programs The thu king among labor its Own seed vl The science and F 
up a system of learning in schools and groups was Clearly demonstrated by a1 mathematics instructors are being in- ; 
laboratories. extract from the A F of L report of duced to enter industry by the offer of 
s 0 This was started at least fifteen vears 1955, “Welding is an example of a higher salaries This robs the educa- i 
ago! relatively new and growing operation tional institution of its faculty vi 
Not only were teachers assigned to appheable to all trades.’ One of the most successful approae hes og 
this project and students issigned to | cample aiter exXumplk were give! ited Was fT st late motivation 
receive the tuition, but the whol showing how great had been the growt] imong the high school groups or the ; 
project Was mace economically desir- and the recognition welding nad groups entering nig schoo] This 
able A level of economic subsistence received — by pprenticeship programs could be achis 1 | telling them the 
has been provided which is considerably It was apparent that apprenticeship opportunities available in the welding : 
above that of other peopl programs, in general, had moved wit] ndusti ind the 1 vortance of welding 
In quantity the graduates outnumber the times. TI need for training in If thev cou S ts relation to their 
our own. In quality we ure In some velding and related subjects had beer hobbies, tl nterests and the field 
doubt It is always difficult to answer seen and the programs expanded ase- th nter ted entering, it would 
such a question. Results throw a cordingly. d ich to srou lesire to enter the 
certain amount of light on the subject. Prof. McCauley outlined the position \\ ng indust 
The Russians are turning out some the welding engineer must take in all The svmposiu revealed the need 
pretty good airplanes; they are making phases of manufacture He pointed for trained s ntists und engineers, 
some Ver\ adequate submarines; we out that a welding engineer must be The speakers made t quite clear that i 
know thev have nuclear apparatus: ancl combined metallurgi engineer, ¢! the coming vears ild be eritical ones “4 
one important fact is becoming mor mechanics’ ond ec thoes 
eigners grounding in nonte inet eultul read equate 
Dr Bevis proposed au long-range and Sud ts ior rentices traiming 
t short-range objectiv The long- Engineering in general and the weld- issification of technician and, above 
range program would be the developing ing industrv in particular are not fully { i means of telling the vouth of this 
of trained engineers This progran understood b thi iverage student ountr the opportunities available 
would take many vears to accomplish By the time the prospective student has n the welding indust ee 
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SALES DIRECTOR WE HAVE THE — 5 | 
required to initiate and manage nationwide dis- = ee ee | 
‘ = you have to do—we have the ‘ 
tribution system for complete new line of Precision _ * : 
Mach; right FLUXINE youneed. Be- 
Flame Cutting Machines. sides our 25 FLUXINES we 
iat P : carry a complete line of “KOP- 
The applicant selected must possess a high de- 62 
ili | years of R-ARC" coated rods for weld- 
gree of ability and drive. te ecientific ing copper and all copper 
development alloys. 
Send complete resume and salary requirements in welding y 
to Write on company letterhead for chart and generous sample 
stating which FLUXINE desired 
AMERICAN MESSER CORPORATION KREMBS & COMPANY : 
105 Lexington Avenue, New York (Est. 1875) é 
Dept. W, 669 W. Ohio St., Chicago 10, Ill. ; 
Circle No. 8 on Reader Information Card = 
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Section News 


and Events 


as reported to Catherine O'Leary 


OUTING 
Bridgeport, Conn. 


12th a “get acquainted” outing was 
held by the Bridgeport Section at 
Grassy Hill Park. This event took 


On ptember 


place at 5:30 P.M a “come as you 
affair—bringing one potential 
member as a guest The attendees 
started to arrive at about 5:30 to a 


total of thirty men—including mem- 


bers. A catering service was employed 


for the serving of refreshments. The 
food was excellent. Crimes were par- 
ticipated in throughout the evening. 
The affair was a success and a good 
time was had by all 

Potential members were given the 
opportunity to view allavailable AWS 
literature and to talk to the members 
on the many benefits to be derived 
from membership in the Socrery. 


WELDING 
PRESSURE VESSELS 


Cincinnati, Ohio The 
Section met on September 24th at the 


Cincinnatt 


engineering Society Headquarters 
Speaker was Perry Arnold 
hief field welding engineer for the 
Chicago Bridge ind Tron Co. Mi 
Arnold’s subject Field Welding of 
<u Ves is is one nm which he 


has had wide experience all over the 
vorld. His talk 


rts The first part was i film cover- 


consisted of three 


ing the welding of the housing for th 
ttomie submarine reactor at Schenec- 
tudy for the Knolls Atomic Powe 
| tboratory This spherical ball, 
known as a Hortonsphere, is 226 ft in 
More than three miles ot 
welds were made in the fabrication ot 
the sphere, sixtv percent by the auto 


matic process and forty percent man- 
THA The second portion of his talk 
covered other field) welding applica- 
tions, the types of base plate and weld- 
electrodes used Hy 


velding 


pointed out 
some of the problems en- 
countered using Tl plate and erack- 
ing associated with inadequately dried 
electrodes 

The third portion of Mr. Arnold's 
more technical aspects 
of welding heavy plate. He discussed 
tests and the tensile 
properties of weld metal for different 
electrodes Mr. Arnold covered the 
various bend tests and impact tests 


talk covered the 


the weldability 


on these materials. 


JET ENGINE PARTS 


Denver, Colo.—The Colorado Sec- 
tion held its first meeting of the 
1957-58 season on September 10th 
in the Cattlemen’s Room of the Old 
Windsor Hotel in Denver. The group 
got together for a social hour before 
dinner. The dinner itself was served 
“buffet” style and 
with the diners. 

After dinner the 


proved popular 


group was ad- 


Parks @W9, chief 
welding Solar Aircraft 
in Des Moines, Iowa. He discussed 
the many problems and their solu- 
tions which they encountered in the 
manufacture of aircraft jet 
He concentrated mostly 


dressed by Crordon 


engineer ol 


engine 
components. 
on corrosion and heat-resistant metals 
such as stainless steel and titanium. 
Mr. Parks’ talk was illustrated with 
slides and was very well received by 
the group. 


SECTION MEETING CALENDAR 


DECEMBER 2 


LEHIGH VALLEY Section. Dinner 6:30 P.M: 
Meeting 8 P.M. Walp's Restaurant, Allentown, 
Pa. "Fundamentals of Arc Welding,” C. E. 
Jackson, the Linde Co. 


DECEMBER 5 

NORTHERN NEW YORK Section. 
meeting 7:00 P.M. 
nical meeting 8:00 P.M. 
and Welding Safety,” John J. Ferry, General 
Electric Co. 


DECEMBER 6 

COLUMBUS Section. Riverside Rathskellar, 
Columbus, Ohio. Dinner 6:30 P.M. 
8:00 P.M. “Tooling for Resistance Welding,” 


Rouwe, 


Dinner 
Panett's Restaurant. Tech- 


“Industrial Hygiene 


Meeting 


Lyman Westinghouse Electric Corp. 
Also panel discussion of tooling problems. 
NORTH CENTRAL OHIO Section. Findlay. 
Quiz. Bob Ellison, Chairman. 
PHILADELPHIA 
7:45 P.M. 


spection Problems.’ 


DECEMBER 9 

NORTHWEST Section. Elks Club, Minneapolis, 
Minn. Happy Half Hour 6:00 to 6:30 P.M. 
Dinner 6:30 P.M. Welding,” 
Ralph Wolfe, Minneapolis-Honeywell Reg. Co. 


DECEMBER 10 

NEW YORK Section. 
1 £. 35 St., N.Y.C. Get-together 5:30 P.M. 
Dinner 6:00 P.M. Meeting 7:00 P.M. “Welded 
Structures," Solomon Sheer, Dept. of Buildings, 
City of New York. 


DECEMBER 11 


CLEVELAND Section. 


Section. Engineers Club. 


Panel Discussion: "Welding In- 


"Resistance 


Victor's Restaurant, 


Manger Hotel, Cleve- 


Dinner 


Social hour 6:00 P.M. 
Meeting 8:00 P.M. 


land, Ohio. 
6:30 P.M. 
Welding.” 
DECEMBER 12 


MADISON Section. 
Wis. “Welding Electrodes,” 
General Electric Co. 

MICHIANA Section. South Bend, Ind. 

SAGINAW VALLEY Section. 
7:15 P.M. Hi-Life Inn, Saginaw, Mich. Man- 
W. T. Gillespie, Dow Chem 


“Resistance 


Eagles Club, Madison, 


Austin Hiller, 


Dinner Meeting 


agement Night. 


ical Co. 
DECEMBER 13 

PHILADELPHIA Section. Engineers Club 
3:00 P.M. Joint meeting with Society of Naval 


Architects and Marine Engineers 


DECEMBER 17 
SAN ANTONIO Section 
blood’s. San 
speaker. 
TOLEDO 
Club. Dinner 6:30 P.M. 
"Stump the Experts’’ Program. 


DECEMBER 18 

PEORIA Section. Mecca Supper Club, Farm 
ington Road, Peoria, Ill. Dinner 6:30 P.M. 
Meeting 7:45 P.M. “Job Shop Welding,” 
James Bessler, Specialty Welding Co. 

PROVIDENCE Dinner 
Hummocks, 245 Allens 
6:15 P.M. "New Develop- 
ments in Braze Welding, Brazing and Solder- 


6:30 P.M 


Antonio Bar Assn. to furnish 


Young- 


Maumee River Yacht 
Meeting 8:00 P.M. 


Section. 


Section. meeting 


Johnson's Avenue, 


Providence, R. |. 


ing," E. F. Garriott, Ampco Metal, Inc. 

SOUTH FLORIDA Section. 8:00 P.M. Fire- 
men’s Benevolent Hall, Miami, Fla. ‘The 
Story of Nickel and Mining for Nickel’ Panel 


Discussion. 


Editor’s Note. 


to December 1, so that they may be published in January Calendar. 


Notices for February 1958 meetings must reach Journal office prior 


Give full in- 


formation concerning time, place, topic and speaker for each meeting. 
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SEMIAUTOMATIC WELDING On September 19th the Section held $01 hour during which ‘Highlights 
special technica meeting on i- Ol 1956 st Football 
i ic The officers ane 
Detroit, rh hine and Product Design for Multi- Cay 
étrou Section \ugus ect is covered by F. A. “Dutch esting report o1 \ctivities of the 
summer meeting aboard the Schooner ‘ 
Bodenheim of the Federal Welder & Nat il Societ Its Stati 
Cabot with genial host and fellow 
. 2s Machine Co vhile Secretary Plummer presented a 
board member Porter Strother. Ther pao 
1} pecial meetings are growing most entertan na nlormative 
was well planned chicken dinnet! 
tl in popularity, and to all the members discours Design for Welded 
it lent of cottee and retreshimie ts 
nty | ae i ind ends of ti Section whi Plat | 
Ing interested in automotive and _ resist- Both officers made a one-week tour 
st. Clan A wonderful time was had 
i ance welding processes, an invitation of the 7 is Cru ( st visiting the 
y a ) ee ) thi is extended to attend future meetings Corpus Christi Division, the Texas 
event lost out time ‘arr Divisior Austin Division 
we regular n ting held on Sep- ) é 
NATIONAL ACTIVITIES ind the Beaumont Division, all of the 
tember 13th was well attended, with H 
quite an interesting coffee talk on Houston, Tex.—The first fall meet- Tex 
yw “What's Happening on our Door- ing of the Houston Section was held can nk talitv to tl listir 
step,”’ by Ellis Reed, director of Public on September 25th at the Ben Milam t Vavs wel 
Relations for Clark and Bobertz, Ince Hotel in Houston \ total of eighty te th H t Sect 
nN i> on co or 
An equally Interesting paper on members and guests were present 
“A New Semiautomatic Welding Proc- This was quite an occasion since 
_ © ess,’ was presented by R. A. Trent- National President C. P. Sander and DEVELOPMENT 
ham, district engineer, Linde Co., National Secretary | L. Plummet OF WELDING 
Indianapolis. This talk was very well provided the program for the evening 


Des Moines, Iowa lowa Sec- 


received, 


HOUSTON SECTION OPENS FALL SEASON 


Houston Section officers and directors with President C. P. Sander and Secretary Houston Section Chairman R. P. Pringle 
F. L. Plummer. Seated (left to right) are: the Messrs. Potter, Wehner, Derden, flanked by Secretary Plummer and 
Sander, Pringle, Plummer. Standing (same order), are: the Messrs. Ketchbaw, President Sander 

Hildebrand, Olson, Avis, Morgan, Manchester, Barbin, Crick and Middlehurst 


Secretary Plummer and President San- Some of the members and guests who attended the September 25th meeting of 
der shown with Beaumont Chairman P. the Houston Section 
F. Reitz 
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The meeting was opened with a 
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HUMBERSTONE ADDRESSES IOWA SECTION 


Past President Joseph H. Humberstone 
was the guest speaker at the Septem- 
ber 19th meeting of the lowa Section 


tion opened its first meeting of the 
vear on September 19th. The meet 
ng was held at the Hotel Kirkwood 
with the usual superb buffet dinner. 
After the meeting L. P. 
Faddis, chairman, turned the meeting 
over to Wayne Putman, executive 
committee member, who introduced 
the speaker, J. H. Humberstone, past 
president of the AWS. 
Special invitations were 


business 


extended 
to executive management of many 
lowa companies and to the educators 
of the colleges in this area to hear 
the vital role welding is playing today 
and where it stands in the industrial 
future. 

Mr. Humberstone’s subject was 
“The Development of Welding for 
Engineering Fabrication’’ and his 
talk was illustrated by slides showing 
applications of welding in all phases 
of construction and manufacturing in 
the United States. He traced weld- 
ing from World War I to the present- 
lav nuclear-power developments. He 
stressed that mechanization of weld- 


Part of the large group that heard Past 
President Humberstone speak on ‘The 
Development of Welding for Engineer- 
ing Fabrication” 


Ing processes has become necessary 
not merely for high production and 
reduced costs per unit of output, but 
for quality as well. The ability of 
welding processes to meet the re- 
quirements imposed by supersonic, 
high-temperature service conditions in 
a wide variety of metals is now uni- 
versally recognized in the aircraft 
industry. 

Mr. Humberstone mentioned that 
the welding engineer provides the 
coordinating link between the = ac- 
tivity materials, design 
and methods of fabrication.  Basi- 
cally, our approach to current and fu- 
ture problems must be educational. 
He stated that all engineers, student 
and professional, regardless of their 


embracing 


specialization, need now, more than 
ever before, a thorough background 
in the technology of welding. 


SOCIAL MEETING 


Kansas City, Mo.—The “kick-off” 


MARYLAND SECTION TOURS VEHICULAR TUNNEL 


Members and guests of the Maryland Section shown during their tour of the 
Baltimore Harbour Vehicular Tunnel on September 21 


Section News and Events 


meeting of the 1957-58 season for the 
Kansas City Section was held on 
September 12th in the American Le- 
gion World War Il Memorial Build- 
ing. The emphasis of this meeting 
was entirely on getting people ac- 
quainted rather than a technical meet- 
ing. A fair-sized crowd of 53 attended 
dinner film pre 


Section h 


the ‘“‘mixer,”’ 
sentation. The new 
Blaine Harrington, 
the guests, discussed the activities tor 
by) 


man, welcomed 


the vear and urged them to Inge 
others to the meetings and make the 
coming vear a big one, 


WELDING PROCESSES 


Madison, Wis.—The first meeting 
of the Vadison Section for the 1957 
5S season, the fourth year of its exist- 
ence, took place on September 12th 
at the Eagle’s Club in Madison. Thi 
membership of this Section has risen 
to 116 members and numerous pros- 
pects for the new year are available. 

A good talk was given by Orville 
T. Barnett assistant manager 
Metals Research, Armour Research 
Foundation, Chicago. Mr. Barnett 
discussed all the major welding proc- 
esses and their relative popularity 
and the reasons behind this. 


INSPECTION TOUR 


Baltimore, Md.—On the morning 
of Saturday, September 21st, 123 
members and guests of the Maryland 
Section gathered at the Fairfield en- 
trance to the Baltimore Harbouw 
Vehicular Tunnel for a guided tour 
of the tunnel, ventilation building 
and master control center. The group 
was conducted through the tunnel by 
J. E. Greiner, who described the 
many interesting construction and 
operating features of the tunnel, the 
ventilation and control buildings and 
traffic control features. The tunnel 
and highway approaches are due to be 
open for traffic early in) December 
1957. 


TOOL WELDING 
South Bend, Ind.—The Michiana 


Section’s 1957-58 season got under 
Way on September 19th with a talk 
on “Tool Welding” by Frank Kessle1 
WS, Welding Equipment & Supply 
Co., Detroit, Mich. Mr. Kessler 
prefaced his talk with two film strips 
which laid the ground work for his 
remarks. These films showed types 
of weld repairs that can be made on 
tools and indicated the proper way to 
do them. Mr. Kessler emphasized 
the need for using the right procedure 
including pre- and post-heating, be- 
cause of the extreme hardenability 
found in tool steels. 
filler metal to repair a given job is 
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SPECIFY 


Stainless Steel 


In hundreds of applications, Drawalloy wire 
has been put to the test... X-ray, dye check, 
pressure and service and with the same consis 
tent result—OK as welded. That’s why Frank 
Iapalucci, Manager of Welding Engineering for 
Baldwin Lima Hamilton, Eddystone, Penna., 
selected Drawalloy chrome-moly wire for the 
automatic welds on this reactor. The vessel is 
constructed of A 301-54T Grade B firebox qual- 
ity steel ranging in thickness from 5-1/16” to 
2-5/8”. Drawalloy 1-1/4 Cr, 1/2 Mo wire was 
used for all submerged arc joints. 

When inspection by X-ray is required, don’t 
gamble . rewelding is expensive . specify 
Drawalloy “quality controlled” wire. Drawalloy 
stainless steel welding wire is produced to strictly 
controlled specifications to provide the right 


inspection 


100% X-ray 


L // // J CORPORATION 


Welding Wire 


chemistry, finish and temper for smooth opera- 
tion in your equipment and to provide X-ray 
quality welds. 

Why not discuss your stainless welding wire 
needs with your Drawalloy Distributor or Rep- 
resentative ... aman ready to help you. Bulletin 
355-DC provides complete information on every 
grade of Drawalloy wire. Write to: Drawalloy 
Corporation, Lincoln Highway West at Alloy 
Street, York 13, Pennsylvania. 


DRAWALLOY 


CORPORATION 
YORK, PENNSYLVANIA 


WIRE MILL FOR THE WELDING INDUSTRY — STAINLESS STEEL - HARD SURFACING - TOOL STEEL 


For more details, circle No. 9 on Reader Information Card 
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NEW JERSEY SECTION PICNIC FEATURED BY HUGE TURNOUT 


Steve Sullivan and Tommy Smith dispensing food and drinks at the September 21st 
Some 793 members and guests attended this 


picnic of the New Jersey Section. 
affair 


Shot-putting contest 


dependent upon the analvsis of the 
material to be welded It is not 
lwecessary to match that 
exactly, but the filler metal should be 


chosen whose heat treatment is. the 


analysis 


same as the base metal 


ALUMINUM WELDING 
Milwaukee, The Milwaukee 


Section opened its 1957-5S) season 
with a smorgasbord dinner on Friday 
September 720th at the Ambassador 
Hotel with LOS in attendance. During 
the business meeting, thirtv-four new 
members gained since the April meet- 
ing were welcomed by the Section. 
Technical speaker for the evening 
Adkins @WS, of Kaiser 
Aluminum and Chemical, Ine., who 
a fine talk on “The Practical 
Aspects of Aluminum Welding.’ His 


talk covered inert-gas-shielded, tung- 


was Howard 


sten-are and metal-ar welding of 


tluminum with emphasis on the 
proper selection of the base material 
for the job selection of the wire to 
match the bass 


importance of keeping the base ma- 


material, and the 


terial and wire clean Proper are 


voltage, clean and dry base material 
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Horse-shoe pitching contest 


and wire, and welding as fast as pos- 
sible were given as means of con- 


His talk 


slides and 


trolling porosity in welds 
was accompanied with 
closed with the showing of an excellent 
film entitled “High Speed Aluminum 
Welding.” 

Preceding the technical 
Charlie Blossfield, assistant 
director of the Milwaukee 
told the inside story of the Braves 


meeting, 
ticket 
Braves, 


ANNUAL PICNIC 
Union, N. J. 


ninetv-three members and guests at- 
tended the New Jersey 
annual picnic held at the Old Cider 
Mill Grove in Union, N. J., 
tember 21st 

Door prizes to a value of over 
twelve hundred dollars contributed by 
companies interested in and asso- 
ciated with welding were distributed 
to winning ticket holders. A fish bowl 
containing two hundred and seventy- 


Seven hundred and 
Section’s 


on Sep- 


three dollars and change, known as 
the “Guess How Much Gate Jack 
Pot’? was won by A. Gontarz whose 
guess Was correct to the penny. 

After filling themselves on frank- 
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The "Guess How Much” gate jack pot 
was won by A. Gontarz, extreme right. 
Section Chairman E. DiLiberti and Picnic 
Chairman A. C. Axtell made the presen- 
tation 


Nail driving contest 


furters, hamburgers, roast beef, clam 
corn and trimmings, 
with unlimited amounts of beer, the 
boys participated in games of soft- 
ball, shot-put, fly 
shoe pitching, golf putting, nail driv- 


washed dow 


casting horse 


ing and egg throwing. 

Credit goes to Andy Axtell of thi 
Essex Welding Mquipment Co. ine 
to his committee for the huge success 


of the greatest of all pienics spon- 
sored by the New Jersey Section 


INERT-GAS WELDING 
New York, N. Y.—The first Fall! 


meeting of the New York Section was 
held on September llth. An inter- 
esting program had been arranged 
and the speaker of the evening was 
George Edwin Linnert W 
welding metallurgist for the 
Steel Corp., Baltimore, Md. 
Mr. Linnert’s topic, ‘Inert-Gas- 
Shielded Welding” was well received 
as evidenced by the number of ques 


research 


tions that were asked of the speake: 
after the talk. 
welding of recently 


Discussed were the 
developed pre 
cipitation hardening stainless steels 
rimmed, galvanized and aluminized 


THe WELDING JOURNAL 


ay 
| 
¢ 

z 

= 

a 


WELDING APPLICATION RESEARCH 


In response to industry’s rapidly growing in- 
terest in resistance welding, the facilities of 
the Sciaky Research Division have been made 
available for contract research in the applica- 
tion of resistance welding. 

These facilities include an experienced engi- 
neering staff, a complete range of the most 
advanced resistance welding machines includ- 
ing the largest spot welder in the world and 
a laboratory equipped for metallography, 
chemistry, electronics, photography and test- 
ing as applied to resistance welding. 

Typical projects include: Coordination of 
design and production for resistance welding; 
research on the weldability of new metals; in- 


- ae: vestigation of weldability and pilot run of new 
5908 WES product; research to develop data for roll spot 
If you have a fastening requirement, here is 


» place to determine objectively the feasi- 
the place t 


bility of resistance welding. Send an outline of 


welding heavy gauges of aluminum. 


your problems and ask for the 20-page Re- 
The Sciaky R I search Division brochure. Sciaky Bros., Inc., 
ne Sciaky Research Division is housed in this modern at 
19 St., ‘ago 38, Il Ortsmo 
15,000 sq. ft. building devoted exclusively to research | os W. 67th St., Chicago 38, IIl., | Vrism uth 
in the application of resistance welding 7-5600. 


HELPS PUT PROFIT 
INTO MANUFACTURING 
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Now available help you... 


steels. Mr. Linnert advised that most 
porosity found in stainless-steel welds 
made by the inert-gas-shielded process 
is due to hydrogen from moisture 
froma leaky torch 

The meeting was held at Victor's 
Restaurant, One KE. 35th St., New 
York City, where an excellent dinnet 
was served prior to the meeting 


WELDING SCIENCE 


Kenmore, N. Y.—(Creorge bk. Lin- 
nert OWS, of the Armco Research Lab 
oratories, Baltimore, Md., 
at the September 26th meet- 
ing of the Niagara Frontier Section 
held at the Continental Inn 

In his talk on Welding Art or 
Science?” Mr. Linnert deseribed the 
troubles met by “artists” 


was the 


Sp 


who welded 
materials on which they had too litth 
technical information Mi 
as a welding metallurgist, spends much 


Linnert, 


of his time troubleshooting on prob- 
lems that, in his opinion, should never 
have happened 

Many fabricators, for example, are 
unaware that stainless steel is ruined 


by heating welding or annealing) 
in the presence of 
carbon. Zine picked up from shears 


used on 


sulfur, zine o1 
previously galvanized ron 
has caused stainless to crack in a spee- 
tacular manner while welding. 


ARCAIR 
PUTS PLANT 
IN OPERATION 
19 HOURS 
FASTER 


cut and replaced. 


metal removing methods. 


“Case History Book."’ 


A large east coast manufacturer, plagued by an emergency plant shut-down, credits 
Arcair Torches and Copperclad Electrodes for lessening the down time by 19 hours. 
Stainless tube sheet 5” thick on a heat exchanger cracked and 100” of it had to be 
Arcair Copperclad Electrodes, ordinary air 
and DC welding machines and two operators—spelling each other—needed only 11} 
hours to cut the periphery versus an estimated 30 hours with conventional methods. 


Arcair Torches, 


Using only an electric arc and compressed air, the Arcair Torch is the new, efficient 
and money-saving answer to most metal removing problems. 
production or maintenance tool, the patented Arcair Torch saves up to 60% over other 
For top efficiency and savings, always use genuine Arcair 
Electrodes, plain or Copperclad, with your Arcair Torch. 


WRITE TODAY for your FREE copy of Arcair's new 
See proof of performance from 


many different industries! 


“ 431 S. Mt. Pleasant St. 


SPEAKERS AT “DREXEL NIGHT”’ 


Principal speaker at the September 
16th "Drexel Night’ sponsored by the 
Philadelphia Section was G. E. Linnert. 
He spoke on "Welding the Metals of 
Tomorrow” 


case, zine oxide from 
Sulfur 


In another 
lavout paint was the culprit 
(often from cutting oils), like zine 
cracking. Carbon often 
picked up in a faulty annealing at- 
mosphere) ruins the corrosion resist- 


CuUSCS 


ance, and on the heat-treatable grades, 
alters the response to heat treatment. 


Preventative measures are usually sim- 
ple and are deseribed in the literature 
of the manufacturers. 


Whether used as a 


COMPANY 


Lancaster, Ohio 


For more details, circle No. 11 on Reader Information Card 
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Clarence Jackson, chairman of AWS 
Educational Activities Committee, was 


the after-dinner speaker. He is shown 


above with Mr. Linnert 


The speaker 


cracking of stainless weld metal fron 


explained how hot 


grain boundary segregation was ove! 
come with a filler metal compounded 
to give five percent ferrite in the de- 
posit. 

Mr. Linnert’s talk was illustrated 


by slides and a lively discussion fol- 


lowed. 


AUTOMATION IN WELDING 
Oak Ridge, Tenn.—-The Vortheast 


Tennessee Section opened its 1957-5s 
session with a dinner meeting at the 
Elk’s Club on September 16th. A 
delicious dinner was enjoyed by thirty 
members and guests, followed by ar 
interesting and informative address 
by Cecil C. Peck of the Ceeil 
C. Peck Co., Cleveland, Ohio. The 
subject of Mr. Peck’s talk was ‘Auto- 
mation in Welding” and was accom- 
panied by slides of the various types 
of automatic welding equipment man- 
ufactured by the company bearing 
his name. 
Chairman W. J. 
the slate of 
new season which promises to be a 


Leonard outlined 
coming events for thi 
booster and 


membership assures 


successful year. The drawing of thi 


door prize was followed by the usual 


friendly get-together. 


RESISTANCE WELDING 
APPLICATIONS 


Peoria, Ill. 


of Precision 


Robert R. Mae Donald 
Welder & 


interesting talk 


Flexopress 
Corp., gave a very 
on Resistance Welding Applications 
at the September ISth meeting of th 
Peoria Section held at the Meeca 
Supper Club. There seventy- 
five members in attendance, a good 
turn-out for the first meeting of the 


were 


season. 
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YORK, PA. 


PLANTS 
Segundo, ce! 
York, Pe 


for cot! 


Weld cast iron 
quickly, easily, permanently. ..with 


IMPROVED | | 


A great favorite made better . . . Now the improved Nickel-Are elec- 


trode provides the ideal for welding cast iron. An improved coating formula- 


tion coupled with the same popular core wire is the answer. 

Better machinability .. . Always a popular feature with the Nickel-Are 
electrode, machinability has been made even better. Both weld metal and fu- 
sion zone are well within the machinable range. 

Crack free welds... Not only single pass overlays or repairs—even mul- 
tiple pass fillets and butt welds, and in complex assemblies too, Nickel-Are 
welds are crack free. 

Easier to use . .. The stable are of improved Nickel-Are deposits beads 
smoothly, easily, into strong, porosity free welds of excellent color match. 
Works well in all positions on AC or reverse polarity DC 

Get the facts . . . on improved Nickel-Are electrodes. Your Distributor or 
Alloy Rods Representative has complete technical data or write for a copy of 
Bulletin AR-2. Alloy Rods Company, P. O. Box 1828, York 3, Penna. 


Rods Company 


YORK, PENNSYLVANIA ¢ EL SEGUNDO, CALIFORNIA 


NO FINER ELECTRODES MADE... ANY WHERE 
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METALS OF TOMORROW 
Philadelphia, Pa.—The Drexel In- 


stitute of Technology has opened its 
sixth season of courses in welding 
metallurgy and welding engineering, 
sponsore d by the Philadelphia Section. 
The program was again inaugurated 
with a meeting in the Drexel audi- 
toritm on September 16th, following 
a dinnet 

The coffee talk subjects were de- 
voted to education. Rudi 
Cruenzel, Section 
Educational Committee, introduced 
Dean K. Riddle who greeted the 
group and outlined the objectives 


welding 
chairman of the 


of Drexel’s welding courses. The 
after-dinner speaker was 
kk. Jackson, staff engineer of the Linde 
Co. Mr. Jackson reviewed the current 
ictivities of his national Educational 
Activities Committee and the work 


of several subcommittees which are ac- 


Clarence 


tively establishing training schedules. 

Byron Gates, Section chairman, pre- 
sided over the technical meeting 
in the Drexel auditorium and intro- 
duced Dean Riddle who reiterated 


the objectives of the welding in- 


OPPORTUNITIES 


MEETING 
THE 
GROWING 
DEMAND 


Precision Welding can offer a savings over other 
methods of assembly, broaden your operation 
cut costs, increase profits. The ideal unit for 
this type work is the Challenge Precision Weld- 
ing Table. It's suitable for layout work, ‘‘tack"* 
welding and final welding operations. T-slots 
permit accurate positioning and holding of the 
work Made of a special analysis semi-steel, 
designed to withstand the welding flame or 
arc. Guaranteed accurate to within .002’'. 
Available in three sizes 


TRADE-MARK 


SE-113 


The Challenge Machinery Co. Dept.WJ-11 
Crand Haven, Michigan 


Please send complete information on 
Challenge Welding Tables and other 
| Precision Surface Equipment. 
| Name 


| Company 
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struction at Drexel. Faculty mem- 
bers H. P. George, H. Pfeffer, R. W. 
Thomas and W. K. Scattergood were 
introduced. A detailed 
scription of the courses in welding 


more 


metallurgy and welding engineering 
was presented. 

The technical speaker of the even- 
Linnert MWS, of the 
Armeo Steel Corp. was presented by 
Vice-Chairman Carl M. Schaub. Mr. 
Linnert gave a very timely and in- 
teresting talk on ‘““Welding the Met- 
als of Tomorrow.” 
placed on the new high-alloy. steels 
to be welded rather than upon welding 
Attention 
was called to the precipitation-hard- 


ing, George E. 


Was 


processes and techniques. 


ening stainless steels which are being 
used in inereasing quantities in air- 
frames for new aircraft and missiles. 
The composition and properties were 
shown to influence strongly weldabil- 
itv. The welding of such materials was 
presented as a challenge to welding 
metallurgists and engineers. 


PLANT VISITATION 


Butler, Pa. 
the Pittsburgh 
1957-5 


On September 20th, 
Section opened the 
conducted 
tour through the Pullman Standard 
Car Mfe. Co. at Butler, Pa 

Braving a terrific rainstorm, the 
first rainfall in over two months, 110 
members and guests made the trip 


season with a 


and were amply repaid for their time 
and effort, by witnessing one of the 
most interesting tours of plant op- 
erations ever made by the section. 

After Pull- 
man Standard cafeteria for a most 
enjoyable luncheon at 12:00) noon, 
the attendees were briefed hy H. 3. 
Hagan, plant, on 
just what the tour would cover, fol- 


assembling ut the 


manager oft the 


lowing which, experienced personnel, 
including assistant plant superintend- 
ent, chiet plant 
engineer, shop superintendent and 
others, conducted 
through the plant tor 4 closeup ol 


welding engineer, 


groups ol ten 
operations and a description of the 
work and method being used 
Fabrication and welding of various 
types of cars, including covered and 
open hoppers and several different 
designs of gondolas, were witnessed. 
Special jigs, fixtures and clamping 
devices for subasse mbly and welding 
were pointed out and the operations 
fully deseribed from the preliminary 
blies to the 
final assembly and completion of en- 
tire cars. No effort was spared by the 
Pullman personnel to 
members and guests with the fullest 


fabrication of subassem 


acquaint the 


information. 
Following the tour, the 
returned to the company cafeteria, 


members 
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WELDERS HAVE 
SWITCHED TO 


ELECTRODE HOLDERS 


]/- Wrap around Glass Fibre Tip In- 
sulation—30% more heat resistant 
than any other make. 


2- Brilliant Red Tips and Trigger- 

Bright Yellow Handle—all Glass 
Fibre, an outstanding Safety Fea- 
ture. 

3- Body completely insulated—no bare 
spots. 


Just ask your Welding Sup- 
ply Dealer for PROOF of 
the above statements. 


LENCO, Inc. 


JACKSON, MISSOURI 
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where a question and answer session 
presided over by H. S. Hagen and 
Section Chairman W. D. Doty an- 
swered many questions. The entire 
organization extended itself to see that 
all questions asked were answered 
frankly, openly and without reserva- 
tion. 

The members voted this one of the 
most interesting and satistactory visi- 
tations ever made by the Section and 
were loud in their praise of Mr. Hagan 
and his personnel for their efforts in 
showing the members how cars are 
built. 

As a climax to a wonderful after- 
noon, the Pullman Standard Can 
Manufacturing Co. presented each 
of the members and guests with a 
beautiful and practical portfolio filled 
with pietures and data of the Pull- 
man Co, 


WELDING PROBLEMS 


Portland, Ore.—-The Portland 
tion met on September 10th for a 
dinner meeting the Heathman 
Hotel. 

After a short social hour, the mem- 
bers sat down to a good dinner in one 
of the banquet rooms of the Heath- 
man. These dinners are usually a 


social event, with no speaker. 
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arbide 


3 TIMES LONGER LIFE 
PELLET MILL ROLLERS with 
AIRCO TUNGSTEN CARBIDE 


[he preparation of animal feed is extremely severe — protected by Airco tungster 
on pellet mill rollers which are subject to the highly times longer than regularly hard-faced rollers. In a 
abrasive chemical additives used in the mixture. Ordi production set-up using bu i! ngsten carbide. 
nary hardfacing materials tailed to extend the service Sprout-Waldron has also red welding time by 
lite of these rollers sufficiently to satisfy the Sprout 25 And further savings a alized because the 
Waldron Company, Pennsylvania manutacturer of tungsten carbide forms a hard, abrasive surtace 
equipment used in the cattle and feed industry. which eliminates the need for g g welds smooth 
An Airco Technical Sales representative tackled and cutting slots in the face of rolle! 
the problem. After extensive experiments, tungsten Next to diamonds, tungsten carbide is the hardest 
carbide was welded to the rollers, using Air Reduc commercial material known. If you have any problem 
tion’s inert gas—shielded arc process—Heliwelding concerning abrasion, call on our Technical Sales 
The rollers were then put into service at one of | Service Dept. Let us show you how tungsten carbide 
Sprout-Waldron’s customer plants in bulk or electrode (Tungtube) form can provide 
[The operation was a complete success. The rollers — resistance to abrasion in man 


AT THE FRONTIERS OF PROGRESS YOU'LL FIND... RES 


AiR REDUCTION SALES COMPANY 


A division of Air Reduction Company, Incorporated 
150 East 42nd Street, New York 17, N. Y. 


Offices and dealers in 
most principal cities 
‘ ; J cut * PURECO 
* OHIO * NATIONAL CARBIDE j 
* COLTON é 
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a 
Bulk Airco tungsten 
bonded to a pellet roller by 2 
nielded ar welding form a 2 
tough, abrasive surface. 
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PULLMAN PLANT VISITED BY PITTSBURGH SECTION 


Visitors watching the automatic seam-welding of car sill 


held in a clamping device 


Representatives of the Pullman Standard Car Mfg. Co. and 
officers of the Pittsburgh Section who officiated at the 
Plant Visitation on September 20th in Butler, Pa. 
from left: L. Warheit, H. B. Martin, and H. S. Hagan of 


Another group shown witnessing the continuous welding of 


roof in closed hopper car 


Reading 


Pullman Standard; W.D 'O. Doty, Section chairman; W. G. 
Boese of Pullman Standard, and H. E. Cable, Section vice- 


chairman 


\t the CODCTUESLOT the men! and 


after a brief intermission, Chairman 
Paul L. Buek called the 


After ntroduction of new 


meeting to 
members, and reports of various com- 
mittees, the Scho 


irship) Committee 
was called upon. Carl Love chair- 
man, presented Ray Smith, the stu- 
lent selected to 1 ve a scholarship, 
of $250. Mr. Smith was presented 
with his scholarshy heck ind it 
was moved and se ! that he also 
be given a student membership in the 
society 

Program Chairman Orville Focht 
introduced the guest speaker, E. B 
Creme La Vell W Mi La Vell 
s emploved as specialist for pressure 
vessel and piping code, Construction 
Engineering Operations, General Elee- 
trie Co., Richland, Wash 

Mr. LaVelle discussed the welding 
programs encountered at Hanford. 
He illustrated his talk with = slides 
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Atomic 
nergy Plant, and methods used to 
get the kind of 
Much of their welding is done with 
tungsten-are and 


showing problems at th 


welds demanded. 


inert-gas-shielded 


metal-are welding 


proe 


much as several companies repre- 
sented by the members do stainless- 
steel work for the Hanford Plant, 
the fiftv-one members present were 


very interested. This led to a spirited 
question and answer session 

Mr. LaVelle also showed a 16-mm 
color and sound film entitled “Op- 
eration Ivy.” This was a 28-minute 
film showing the weapons test series 
of 1953 at the AEC Pacific 
(rrounds. It covered the 
the fleet and technical men, the 


sion preparations, instrumentation and 


Proving 
mbly ol 


{ xplo- 


radiation, and visual recording of what 
was commonly called the Hydrogen 
Bomb.” The 


awe-inspiring 


power displayed 
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plant operations. 
in his usual efficient manner 


Mr. Boese, chief welding engineer, answering questions 
from the members and guests on return from the tour of 
Dr. Doty, looking on, handled the situation 


RADIOACTIVE MATERIALS 


Seattle, Wash.—The Puget Sound 
Section held a dinner meeting on 
12th at the 
Club, Seattle 

Speaker at the meeting was hk. B 
LaVelle G@WS, specialist on 
pressure vessel and piping codes for 
the General Eleetrie Hanford 
Atomic Products Operation at Rich- 
land. Wash. Mr. LaVelle discussed 


welding radioactive 


September | nygineers 


( ne) 


problems of 
equipment and the problems involved 
in radiation Fabrication of the mas 
sive Hanford Type reactors and a Han- 
ford technique for inert-gas welding 
of stainless pipe and many 
features of the work done at Hanford 
were covered. 

The U.S. Air Force film 
on the 1953 weapon test series 
at the AEC Specific Proving Grounds 


was shown. 


(peration 
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A NEW MODEL OF THE GREAT GOo9SO 
the world’s most famous welder 


Pipeliners and construction welders the world over 
have acclaimed the Lincoln Model S-6090 for stam- 
ina and rugged dependability. Their reliance upon 
this welder, where the going is tough, has resulted 
in more Model S-6090’s being in use than all other 
200 ampere engine-driven welders put together. 

With all due respect to this famous machine, we 
are proud to announce its successor. The K-6090 
has all the features of its illustrious predecessor plus 
many improvements designed for more efficient 
operation. 

The popular F-162 Continental engine has been 
beefed-up to produce more horsepower. 36 hp (at the 
same low rpm) assures top output after thousands 
of hours of use—gives full welder performance at 


THE LINCOLN ELECTRIC COMPANY 


Dept. 1934 + Cleveland 17, Ohio 
The World's Largest Manufacturer of Arc Welding Equipment 


For more details, circle No 


16 on Reader Information Card 


high altitudes. 

Fuel capacity has been increased. The large 15 
gallon gas tank allows heavy-duty operation for a 
full 14-hour day without refueling. 

Shield-Arc’s famous dual control is even more 
precise. Increased steps of current selection pro- 
vides, exactly, the right type of arc. 

The use of heavier gage steel in the top, doors, 
base, and extended housing makes a rugeed bod) 
to protect the machine from damage 

All these improvements plus the proven depend- 
ability of the S-6090 are available in the K-6090 


at the same low price 
For details and specifications write for Bulletin 
SB-1337 
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When welded aluminum must meet 
exacting standards...severe service 


Photo Courtesy of 
Graver Tank and Mfg. Co., Inc. 


ALUMINUM RODS and ELECTRODES 


The inert-gas-shielded-arc process made aluminum welding prac- 
tical . . . but it takes Arcos quality in aluminum bare wire to assure 
you the most dependable results possible. Because no flux is used, 
the chemical analysis and cleanliness of the wire must be within 
exacting limits. Arcos’ long experience with weld metallurgy, plus 
rigid controls in manufacturing, guarantee this vital factor. Arcos 
aluminum wire is your best assurance of stronger, more ductile, 
more corrosion-resistant welds. 


ARCOS CORPORATION, 1500 S. 50th St., Philadelphia 43, Pa. 


For more details, circle No, 17 on Reader Information Card 
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This was the first meeting of the 
new fall term and sixty members and 
guests were in attendance. 


JOINING OF ALUMINUM 


Saginaw, Mich.—On Thursday, 
September 12th, the Saginaw Valley 
Section opened its 1957-5S meeting 
series With 95 members and guests in 
attendance. 

After dinner, Don Bigler, of the 
Public Relations Department, United 
States Steel Corp., presented an il- 
lustrated discussion of the erection 
of the steel superstructure of Michi- 
gvan’s new Mackinae Bridge. 

After intermission, W. M. Roger- 
son OWS, of Aleoa Process Develop- 
ment Laboratories, presented a tech- 
nieal discussion on the “Joining of 
Aluminum and = Alloys.” The 
various methods of joining aluminum, 
such as fusion welding processes, 
brazing processes and resistance weld- 
ing, were discussed as well as_ field 
applications and detailed joint per- 


PoOrmances, 


HANGAR VISITED 


San Antonio, Tex.-The San An- 
tonio Section visited the “Big Hanger’ 
at Kelly Air Force Base on Tuesday, 
September 24th. This building is 2000 
ft long, 300 ft wide, 90 ft high, with 
1,075,000 sq ft of floor space, and is 
said to be the largest single-span build- 
ing in the world. Approximately 
ISOO people work in this building 
ut one time, and it was noted that 
twelve planes were being worked on 
simultaneously. Due to the massive- 
ness of the structure and control, the 
operation must be broken down into 
sections, divisions, departments and 
squads. B-52s and B-47s were seen 
in the various stages of recondition- 
ing. The welding of aluminum, stain- 
less steel and manganese was observed 
in the welding shop. 

Dinner and refreshments were 
served in the Officers’ Club to 73 mem- 
bers and guests. Fred Smith, chair- 
man of the Program Committee, was 
the coffee speaker. 

Col. C. A. Mixon was the speaker 
of the evening, using as topic, 
“What the Military Means to San 
Antonio.” He presented short 
history of Kelly Air Force Base 
pointing out that it is actually the 
mamtenance headquarters for the 
Air Force, and noting its value to the 


city, both employment-wise 
money-wise. Col. Mixon is comp- 
troller for the San Antonio Air Ma- 
terial Area. Jefore receiving this as- 


signment, he served as the chief of 
the Logistical Data Processing, De- 
velopment Office at Kelly Air Fores 


Tue WELDING JOURNAL 


— 
x 
WELD WITH 
+ 
{ 
j 


Base where he piones red the instal- When heavy chrome-moly welds 


lation and operation of the IBM 705 


dite equipment must pass X- Ray Inspection 
NUCLEAR PUMPS 


San Jose, Calif.—The Santa Clara 
Valley Section met on September 24t} 
for dinner and meeting at the Ha 
walan Gardens in San Jos This was 
the first meeting of the me 

Frank R. Drahos 
lurgist for Byron 
sorg-Warn 
was the g 
Wits Wi hye ( 

— itions Mr. Drahos ce 
welding | 
to 

and m 

proje 

Slides 

Th 
and answer period in 
cations presently 
inspection 


proye 


WELDING OF ALUMINUM 
Miami, Fla. 


meeting ol 
was held 

Miami Firemen’s Benevol 
elation Hall. 

Guest 
Aleoa’s southeastern 


engineer, who discussed 


on Sept 


Job Report Courtesy of American 
Pipe and Steel Corp., Alhambra, Calif. 


ment in the use ot iluminum 
about by the continuing 
in methods and processes 


welding He pointed out that ther iz 
are many known alloys of wey 


with highly desirable physic 


is so difheult that th ants of lead 
pete p' we with othe melting pots—new welding procedures were required to assure 
equiva harae Ist weve! that all welds would pass x-ray inspection. With the help of Arcos 
as time goes on ‘ en » dith echnical Service, both manual and submerged ar rocedures 
eulties are being solved” wi EW were established and ARCOS Electrodes and Rods were used 
techniques permitting wh , clusively. The quality of Arcos weld metal consist assures 
tn, he the release internally sound, flaw-free welds. And Arcos T 
prevented problems on what could have been 


ARCOS CORPORATION, 1500 S. 50th St., Phila 


allovs. 

So as not to give the impression tl 
aluminun id aluminum alloys 
difficult to ~ le, Mr. West sho 
films of re at vel 
the latte: tungsten-el 
and consumable-elk ode types 


were well ceived. in spite of proiector 


troubles, as they furnished consider 


able fuel rt juestion and answer 


pe riod 
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embers 


Effective September 1, 1957 


MEMBERSHIP CLASSIFICATION 


A—Sustaining Member 


D—Student Member 


BIRMINGHAM 
Carothers, F. L. (4 
Haggard, H. 
(idom, Gerald 


Sute, William T 


BOSTON 

Huntress, Roderick L., Jr 
Rainis, Anthony V.(B 
CHICAGO 

Robson, Charles ¢ B 


Satterles Harry ( 
Shirk, Charles A. (B 
Soehrmann, Howard (B 
CINCINNATI 


\leGarvey, William \ 


CLEVELAND 

faker, ¢ B 
Miller, Robert A. (B 
White, Trevor (B 
COLUMBUS 

Mount, Roy A. (B 
Suvdam, Evert P. (D 
DALLAS 

Harrell Thomas \l 


DETROIT 
Banks, William 1). (B 


HARTFORD 
Case, Glendon H. (B 


Kollman, Kenneth G. (¢ 


HOUSTON 


( ooper, Crarne v lew B 
Cooper, Lois (B 
Funderburk, Horace B. (C 
(iresham, Paul J. 
Pennington, W. | B 
Price, Lee H B 
Stuebner, V. A. 

Ward, Robert T. (¢ 


Rinehart, Max (B 
Roush, Henry | 


1OWA-ILLINOIS 
Crelly, Jack W. (¢ 


B—Member 


E—Honorary Member 


Mever, Fred G. (C 
KANSAS CITY 


Hummer, William F. (B 
Roberts, Joseph (B 
Throckmorton, Melvin R. (B 


LEHIGH VALLEY 


Canady, William M. (B 
Eby, Wilbur FE. (B 
Stick, Clarence T. (B 
LONG BEACH 

Green, William bk. (B 


LONG ISLAND 
Cahill, Thomas J. (B 
LOS ANGELES 


Boren, William R.(B 
Dukes, Robert (B 
Eldred, George W B 
Grantham, Jack (D 
Johnson, Oscar G. (B 
Lewis, Clarence E. (C 
Loucks, Walter G. (B 
Lyneh, kdward C. (B 
Valentine, Joel L. (B 


LOUISVILLE 

Lacer, Donald T. (C 
() Toole William G (Cc 
Similev, Shelby G. 


MAHONING VALLEY 
Brown, George (C 
Cox, John (B 

ishe Jack \ B 
MARYLAND 


Stavar, John P.(B 
MILWAUKEE 
Kelly, L. M.¢(C 
Murock, Harold (C 
NEW HAMPSHIRE 


Browning, James A. (B) 


NEW JERSEY 
Bodine, F () (B 
Dyer, William J. 


Fannon, Robert (C 


Fisher, William J. (C 


Geideman, William A., Jr. (C 


Halsey, Robert A B 
Kinch, John (C 


C—Associate Member 


F—Life Member 


Associate Members... 6,402 
15 
Support Your Society—Be Active! 
Reitz, Donald S. (C RICHMOND 
Williams, George c Flannagan, R. 
W roth, Robert Stewart B Paine. Lester H Cc 
NEW ORLEANS ROCHESTER 
Allen, Ethan (C Gillette. Donald J 
Blanchard, James | ( 
SALT LAKE CITY 
NEW YORK 
Carmer, Robert N. (B 
Pitagibbons, E. A. (C) Heath, Lester F. (C 
Mounee, William S.(B Joie 
Pogue, William A. (C) Poulson, John 8. (B 
Theiler, Werner C. (¢ 
SAN FRANCISCO 
NIAGARA FRONTIER I 
Sasich, John R 
Pendlebury, James I. B Johrde. Ravmond \ 
NORTHEAST TENNESSEE SANGAMON VALLEY 
R B. Sr. (B Kern, William ©. (C 
Stepp, Robert (B 
Strother, John P. (B SANTA CLARA VALLEY 
NORTHERN NEW YORK Sracesco, John F.(B 
Johnson, Edward D. (B SOUTH FLORIDA 
NORTHWEST (Brien, Edward (B 
Alrick, Donald L. (¢ Poole, William | B 
OLEAN-BRADFORD YORK-CENTRAL PA. 
Cooper, William I B Rote, Riebard S. (4 
Knight, kdward W ( Williams, Jose ph J B 
MEMBERS NOT IN 
PEORIA SECTIONS 
Smith, William G. (¢ Hussev, H. Edward (C 
Vinter, Hans B 
PHILADELPHIA 


Alexander, Peter X 
Bever, Robert George (C 
Colt, Henry F., Jr. 
Julicher, Arthur J. (C 
Luce, Sidney L. (C 
Mangan, Charles H. (C 
PITTSBURGH 

Kuehn, Robert L. (B 
Merker, Charles G. (C 
Sanstead, Kenneth A B 
Wright, William D.(B 
PROVIDENCE 


Cucino, Frank (B 
Shmaruk, Nicholas B 


Walsh, M. A. (B) 


Members Reclassified 
During the Month of 
September 


BOSTON 


Udin, Harry (C to B 


CHICAGO 

Cash, M.(C to B 
Ciaedtke, R.\ (‘to B 
Iverson, Einar (C to B 
Mongan, W.(C to B 
CINCINNATI 

Brown, William F. (C to B 
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CLEVELAND 


pse Thom: sL to B 


COLUMBUS 
Meinhart, Charles (( 


Vulcanized, permanent 
cable splices 


WITHOUT POWER LOSS 


DETROIT 


Jenkins, James E. (C to B 
Mueller, John J (CtoB 
Stough, Gerald D. (C to B 
Zacharie, R.(C to B 
HOUSTON 

Crick, H. F. (C to B 
Davis, Robert Eb. (C to B 


Middlehurst, D. J. (C to B 
Rash, W. C.(C to B 


INDIANA 
Wirt, J. Raymond (C to B 


IN 5 MINUTES 


LEHIGH VALLEY 


Kimble, Russell J. (C to B - 
Stout. Robert D 


= 
- 


LOS ANGELES 


IN YOUR 


Cullen, A. R.(C to B / 
Schultz to 
| 
LOUISVILLE \ OR IN THE 


Brown, David ¢ CtoB + FIELD. ‘ 


MILWAUKEE 
Berry, I. J. (C to B ~ 


NEW JERSEY 


Jerrvman, J. H.(C to B 
Jott, Harry B.(C to B 


New Portable Kit... 
includes crimping press, 


cable cutter 


NEW YORK 
Herrsehaft 
NIAGARA FRONTIER 


Russ, James J.(C to B 


and vulcanizing mold. 


Donald ¢ (to B 


New CAM-LOK portable Cable Splicing Kit produces 
vulcanized, neoprene insulated cable splices anywhere in 
Sa just 5 minutes ... makes them waterproof, shockproof. 


Slaughte r, Grerald M.(C to B 


Simply strip back insulation on cables . . . insert bare 


: ends in copper tube supplied ... crimp. . . place inner 
er ee ee sleeve over crimp . . . vulcanize outer sleeve to cable 
PHILADELPHIA jackets. No tools or experience needed . . . no production 
Edmonds, P. L. (C to B delays. 


Schaub, Carl M. (C to B 


PITTSBURGH ‘ . 
ars. e Insulating sleeves are vulcanized to « Economical... because of low cost 
vhe, P.(C to B cable... can't pull away. ..pre- of components ... allows you to 
RICHMOND vents moisture from entering and splice as little as two, 2’ sections 
Cervarich. F. R. (C to B damaging cable. together, which might otherwise be 
Wood, L. M.(C to B wasted. 
i e Conductivity of splice is as good ™ 
ROCHESTER as the cable itself. Cables are 
e Splice is flexible, because inner 
Minshier G. Mark (C to B crimped under great pressure into aes 
ae sleeve eliminates voids or weak 
Waldvogel, Robert K. (C to B a pure copper crimping tube. : ’ 
spots in the insulation. 
SAN FRANCISCO e Completed splice is tapered and a 
Tinnes, Leroy (C to B only slightly larger than cable, so ° Finished insulation of splice will 
cable won't be caught on obstruc- withstand 2,500 volts without any 


STARK CENTRAL 


Brainard, Clifford C (‘to B 


tions when dragged. leakage. 


WORCESTER Bulletin No. 243 contains full in CAM-LOK Division 
Murray, Clifford H C to B formation on this new Kit and Cabli Emp re Products, Ir 
YORK-CENTRAL PA. Splice. Write today for your copy P.O. Box J-98, Cincinnati 36, Ohio 


Reid, H. F., Jr. (C to B 


For more details, circle No. 19 on Reader Information Card 
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Wy... LINDE offers you another 
UNIONARC Magnetic 


Here, in brief, is how UN1oNARC Welding works: 
A bare steel wire electrode is unreeled through 
a flexible tube to the torch. Magnetizable flux, 
conveyed by carbon dioxide under pressure, flows 
through another tube. At the torch nozzle, the 
magnetic field produced by the current flowing 
in the electrode attracts the flux, which coats the 
wire as it feeds and melts in the are. In the are 
zone, four things take place: (1) The shielding 
gas and flux stabilize the are and protect the 
molten metal from contamination. (2) The 
molten metal is refined. (3) Desirable weld con- 
tour is obtained. (4) The flux blankets and pro- 
tects the finished weld as it cools. 


FOR THE BEST IN ELECTRIC WELDING. .. LOOK TO Linp 


For more details, circle No. 20 on Reader Information Card 
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modern welding method— 


Flux Gas Shielded Arc Welding 


UNIONARC is an entirely new method of 


welding steel in all manual positions... 


VERTICAL 


4 
ot Ys completely new concept for manual 


welding of mild steel has been devel- 


oped by LinpE. Called UNionarC Welding, the 
method uses a continuously-fed bare steel wire 


electrode, which is magnetically coated with flux 
and shielded by carbon dioxide. The torch can 
be easily handled in all welding positions—verti- 
cal, overhead, downhand. Manual welds can be 
made at higher speeds and at lower cost than 
with covered electrodes. UNIONARC Welding pro- 
duces high-quality welds in steel, even when 
moderate amounts of rust, scale, and moisture 
are present. 

Among the numerous advantages of UNIONARC 
Welding are these: Rate of operation is up to 
three times faster than with covered electrodes. 
There is no stopping to renew electrodes, since a 
single loading of wire can be fed smoothly and 
continuously for periods up toa week. Manual 
skill needed is no more than that required with 
covered electrodes. In vertical and overhead po- 
sitions, the deposition rate in UNIONARC Welding 
is two to three times greater than with covered 
electrode methods; in downhand positions, up to 
twice as great. There is practically no spatter— 


The terms “*Livoe,”* 
“Ustonanc,’ 
and Carnime™ 


trade marks of Union Carbide Corporation. 


For more details, circle No 


OVERHEAD 


TRADE-MARK 


20 on Reader Information Card 
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the little that appears is easily brushed away, 
leaving a clean, smooth weld. 

LINDE has made many notable contributions 
to welding. Among these are the introduction 
and development of submerged are welding 
(UNIONMELT Welding), non-consumable elec- 
trode, inert gas shielded are welding (HELIARC 
Welding), and the development of Sigma 
(shielded inert gas metal arc) welding. LINDE’s 
newest method, UNIONARC Welding, is another 
first—a truly important contribution. Its sim- 
plicity and versatility make it unique. Its efh- 
ciency and economy have been proved in actual 
production work. Write now for details about 
UNIONARC Welding, or call the LINDE office 
nearest you. 

LINDE CoMPANY, Division of Union Carbide 
Corporation, 30 East 42nd Street, New York 17, 
N. Y. Offices in other principal cities. In Canada: 
Linde Company, Division of Union Carbide 
Canada Limited. 


| 
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Current Welding Literatu 


For copies of articles, write to periodicals in which they appear. A list of 


tre Welding. Are Welding Defined—Consider Loading 
When Selecting Joint Design, B. M. Ronay. Welding Engr., 
vol. 42, no. 4 (Apr. 1957), pp. 55-57. 


futomobile Manufacture. \nvaluable Welds for Auto 
Industry, J. F.Cantalin. Welding Engr., vol. 42, no. 4 (Ap 
1957), pp. 62, 64, 67 

futomobile Manufacture. Operations on Body Com- 
ponents for Ford Consul, Zephyr and Zodiac Cars. Machy 
Lond.). vol. 90. no. 2318 Apr. 19, 1957), pp. S52-S61; no. 
2219, (Apr. 26), pp. 908-918; no, 2323 (May 24), pp. 1158 
1166; no. 2325 (June 7), pp. 1274-1281; no. 2326 (June 14) 


pp. 1316-1327 


Boats. Welding Turns Out Rugged Houseboat, F. T 
Taneula. Welding Enagr., vol. 42, no. 6 (June 1957), pp. 74-75 


Boiler Manufacture. Cylindrical Land Steam Boilers ot 
Welded Construction (Other Than Water-Tube Boilers). 
Brit. Standards Instn Brit. Standard, no. 2790 (1956), 12S 
pp 

Brazing Fixtures. Ceramic Jigs: New Aid to Automatic 
Induction Brazing 
June 1957), p. 78 

Brazing. How to Use Nickel-Manganese Brazing, R. A. 


Industry elding, vol. 30, no. } \pr. L957 
pp. S2-S4, S7. 


Tooling & Production, vol. 23. no. 3 


Crustatson 


Electric Equipment. Wevaluation of Dip-Soldered Joints, 
Ss. Miller and A. A. Johns, Jr. Elec. VW vol. 59, no. 3 
Nar 1957 pp 
Improvement of Welded Structures by Subse- 
quent Forging Operations, W. Wollering and E. Lundby. 
Paper, no, 129 for meeting June 2-7, 


Forging. 


Sor tutomotive ngrs 
1957, 15 pp 

Grinding Wheels. Choosing Disce-Type Wheels for Weld 
Grinding and Finishing. Jndustry & Welding, vol. 30, no. 4 
\pr. pp 54-58. 60 


Hard Surfacing. Field Tests Are Still Best for Hardfacing, 
1) B. R inkin 


92-33 


Welding Engr., vol. 42, no. 6 (June 1957), pp. 


Inert-Gas Welding. ffect of Impurities in Argon on 
Inert-Gas Shielded-Are Welds, R. A. Cresswell. Brit. Weld- 
ing J., vol. 4, no. 4 (Apr. 1957), pp. IS1-18S8. 


Inert-Gas Welding. ‘Tungsten Inert Gas Welding Proc- 


ess. Welding Enar., vol. 42, no. 6 (June 1957), pp. 32-45. 


Magnesium Alloys. How to Join Magnesium Alloys 
R. L. Nelson. J/odern Metals, vol. 18, no. 3 (Apr. 1957), pp. 
$2, 44, 46-47. 

Vilitary Vehicles. Ford Spot Welds First Aluminum 
Truck for Army, R. FE. Kraemer. Welding Engr., vol. 42, no. 6 
(June 1957), pp. 46, 48, 50; see also Modern Metals, vol. 13 
no. 5 (June 1956), pp. 60-64, 66-68. 


Oil Field Equipment. New Welding Technique Cuts 
Failures on Tubular Goods, J. R. Gregath. World Oil, vol. 
143, no. 6 (Nov. 1956), pp. 135-1389. 

Pipe Lines. Class | Oxy-Acetylene Welding of Steel Pipe- 
lines and Pipe Assemblies for Carrying Fluids. Brit. Standards 


L124 


addresses is available on request 


Instn. — Brit. Standard, no. 1821 (1957), 57 pp 


Plastics. Unplasticized P. V. C. as Constructional Ma- 
terial in Chemical Engineering, 8. Mottram and D. A. Lever 
Indus. Chemist., vol. 33, no. 384 (Feb. 1957), pp. 62-67, no 
385 (Mar.), pp. 123-128; no. 386 (Apr.), pp. 177-180; no 
387 (May), pp. 241-245. 


Pressure Regulators. How to Select Proper Regulators 
\. F. Chouinard. elding Engr., vol. 42, no. 4 \pr L957 


pp. 44-46; no. 5 (May), pp. 34-36. 


Rails. Trouble Spots Gio Out When Welded Trac k Goes 
In, G. Polk. 
DS 


Welding Engr., vol. 42, no. 6 (June 1957), pp. 56 


Resistance Welding Machines. Precision Spotwelde: 
Handles Metal Foils, W. W. Robinson. Electronics, vol. 30 
no. 2 (Feb. 1, 1957), pp. 150-151 


Silver-Alloy Brazing. Induction Brazing, A. T. Templu 
H. S. Peterson. Machine Design, vol. 29, no. 6 (Mar. 21 
pp. 150-153. 

Superchargers Manufacture. Controlled Brazing, R 
Peasley. VW ac hine Tool Blue Book. vol 52. no. 35 
1957), pp. 174-175 


Tanks. Specialized Fabrication at Rotherham. Welding 
«& Vetal Fabrication, vol. 25, no. ys February 1957 » Ppp 12 
17; no. 4 (April 1957), pp. 133-136. 


Testing. Improved Ductility in Titanium Welds, M. | 
Kohn, G. E. Faulkner and G. W. Bauer. Metal Progres 
vol. 71, no. 4 (April 1957), pp. 82-86. 


Testing. Design and Construction of Aircraft Testing 
Tank, R. J. Fowler. Welding & Metal Fabrication, vol. 25 
no. 5 (May 1957), pp. 156-161 


Testing. ‘Torsion-Testing Machine for Spot Welds, T. M 
Roberts Brit. Welding Jnl... vol. 4. no. 5 (Mav 1957 pp 


243-245 

Titanium and Titanium Alloys. Machining and Weld- 
ing of Titanium at Orenda Engines Ltd., L. B. Gray Weld- 
ing «& Vetal Fabric ation, vol. 25. no. 4 ( April 1957). pp. LIS 
124. 

Titanium and Titanium Alloys. ‘Vitanium Researc! 
and Development, N. P. Inglis. Metal Ind., vol. 90, no. 10 
Mar. S, 1957), pp. 185-188, 194; no. 11 (Mar. 15, 1957 
pp 205-206. 


u eldability. New Methods of Testing Weldability. 
MI. K. Shorshorov. Brit. Welding Jnl., vol. 4, no. 5 (May 


1957), pp. 289-243. 


Welded Steel Structures. You Can Weld Structurals 
Without Distortion, C. W. Lytton. Tron Age, vol. 179, no 
13 (Mar. 28, 1957), pp. 118-119. 


Welding. New Welding Practices from Behind lron 
Curtain, J. Joseph. Western Machy. & Steel World, vol. 48, 
no. 3 (March 1957), pp. 88-90. 


Welding Jigs. Good Fixtures Expedite Welding, C. V. 
Gorecki. Am. Machinist, vol. 101, no. 7 (Apr. 8, 1957), 
pp. 158-140. 


THe WELDING JOURNAI 


Bae 
= 
— 
; 
: 
4 
‘4 i 


prepared by VernL. Oldham 


Printed Copies of patents may be obtained for 25c from the Commissioner of Patents, Washington, D. C 


\IeTHOD vit | 7 lov meta \ U-shaped 


2 700,065—CONTROL MEAN Kingsley A 92 891 Wewtpep Joints AND 
Doutt, Cortland, Oho issignor to ey MAKING THE Same—James W im indu 1 3 pre led and is adapted 
Federal Machine ind Welder Co Welsl Summit N. J ssignor to to be 1 ed liacent one of the risers to 
Warren, Ohio, a corporation of Ohio Signal-Stat Cory Brooklvwn, N. ¥ luce irrents therein sufficient to heat 
The patented control means relate to a orporation of New York such riser t temperature which will 
5 flash welder having a movable platen Welsh’s patent is on a method of weld meit the et there Other means are 
The control includes means tor causing uniting a h r mn spring steel member provided for sensing such temperature In 
movement of the platen u i welding to mild steel member and includes the the rise \ furthe ember is connected 
airection at a certain given pressure navel steps of supel ; y such members a to the sensing me » rotate the arma 
other means for causing movement of the forming a first spot weld there ‘ t l se i ve the heated rise 
? platen it welding direction at a higher provide a high air hardening in the weld inder U ha move a Fisel 
pressure \ further member is provided heat-affected area of the high carbon stee I t i { heated riser undet 
for interrupting th ction f the first membet Next rie of metal from the thie 


POR 


mentioned means after the second men- group sisting © Vick | 
tioned means 1s Causing move wall | Arc \W ING IN A PROTEC- 
platen t welded t } \ \rMosi Robert Arnaud 
d d Bou nee, assignor to 


2 700,066 S1 WELDER ( ct H ite adjacel nd in the hent-atfected LA | nd te \nonyvme poul 


hang } etude { | tat les Procedes 


itmosphere 


corporation Michigan hardening alloy « he spring stee¢ embe ‘ haracterized by the 
ind of the attached metal prece velding ares 


stud welding gun bod 1 chuck, and ( : I 
tubular shield surrounding the chuck is 9 Weipinc M exte es between the 
{ nd an eles 


porting errule ir velding positior l ling 
This holder has conduit mear hereit » for one of the pieces to be welded, and her | o electrodes 


Connes 


tor 


Vicinity ol ferrule wna 
shield The holder nd the shield co- trolling moveme 
operativel define gas Valve Wi | ERT THEREFOR 


2 700.925 COMBINED ELECTRODE Ft | ck R London, and 


2 TOO 067 Apr 
J. Riley and Forbes A ror George G. Landis, South Fuelid rs to Genet Dynamies Corp 
Hureomb, Warren, Ohio, assignors to nd Harold S. Payne, Cleveland Heights N;, “Pe yy rooration of 
The Tavlor-Winfield Corp., Warrer Ohio. assignors to The Lincoln Eleectri 


Ohio, a corporation of Ohio Co., Cleveland, Ohio, a corporation « Chis welding | - for butt welding 
This patent particular relates to cur- Ono t | ‘ edges two metal parts to- 
rent flow control means tor apparatus [ol This patent relates to are-welding 4] get vithout tl Ise inv backing 
hot upsetting a metal vork plect ind paratus where welding head is. pre | ‘ } ‘ method comprises 
wherein a pair of electrodes are provided vided. An electrode source is provided the steps of abutting the edges of the tubu- 
and movable means are present for app remote from the welding head, and members to be welded together against 
Ing pressure to the workpiece to deform 1 flexible ondu ect the eleetrode sert piece and moving a 
ource to the welding he id for passage oO lng mg on side of the insert 

2 700,656—ALUMINUM-DtIs IMILAR META electrode therethrough Electrode | supplving sufficient heat through the 
Jornt AND Metuop oF MAKING SAMI drive means are provided adjacent. the arch to melt ti sert completely and 
Llovd A. Cook, Opportunit Wasl electrode source for advancing the ele rm successive molten weld puddles as the 
sssignor to Kaiser Aluminum & Chemica trode into the conduit, and electrode driv torch is adi ed Che consumable in- 
Corp., Oakland Cahif., a corporation ol means are provided adjacent the we ling <ert Is so propo {and made that the 
Delaware head for pulling tl electrode trom. the ! elts t! msu Die insert ind the 
(‘ook’s patent relates to a method o conduit A single power means connects | ent met ol the parts being welded to- 
making i jot between an aluminum to each drive means tor actuating ther gether where the ipbut the insert to form 
member and a member of met il dissimilar simultaneousl the successive molten weld puddles con- 
taining both insert and parent metal com- 


to aluminum and which is normally incap 
2,791,667 Auromatic BRAZING APPAR bined in the puddles. The forces of sur- 


dissimilar metal member! with a facing ol blehead, and Henry 1 

buffer meta thereon in the aren o be Mass., assignors to Genera ! ! iidies to torn upon solidification, «a 
1 corporation of New Yor! homogeneous weld free from cracks and 


ble of being fusion bonded to aluminun 


The method comprises providing the 
pel tted to t upon the molten weld 


honded, and inert-gas are welding the 


buffer metal facing to the aluminum men The patented apparatus Is for brazing revices and having a substantially 

hor by forming an aluminous metal weld irmature winding leads to risers of com- smooth-surface bead on the side of the 

therebetween The novel metal joint so mutator segments after the leads have velded parts opposite the side of the heat 
lots in the risers togethe u 


produced is also covered in this patent been placed in sk 
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ABSTRACTS OF CURRENT /\! | 
Haynes ind Lorenz Jol ‘ 
to Gregor’ metallurgical characteristics of 
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SpikeMaster uses pneumatic power to drive four 
spikes at a time. Welds must withstand machine- 
gun bursts of impact. SW-44 electrodes make it 
seem easy. 


SpikeMaster shown with one set of driving guns 
operating ... the other in travel position. Both sets 
operate simultaneously when desired. The self-pro- 
pelled unit has hydraulic powered turntable. . . re- 
moves itself from track. All critical welds are made 
with A. O. Smith SW-44 iron powder electrodes. 


For more details, circle No. 22 on Reader Information Card THe WELDING JOURNAL 
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RMC SpikeMaster has driving 
power built-in; welds made 
with A. O. SMITH SW-44 
\ electrodes provide guts for 
working on the Railroad 


7 First, you nip the railway tie up firmly against the rails. 
il Then you drive four spikes—one on either side of both rails. 
' All at a rate of better than 4 or more ties per minute. It’s 
\ quick and easy — with Railway Maintenance Corporation's 


Spike Master. 


EASY ... because these fast-working units are built to 


deliver sure spike-driving power without faltering in tough 


mainline service. 

Like all RMC railroad maintenance equipment Spike- 
Master features welds made with A. O. Smith SW-44 elec- 
trodes on heavy-gauge steel components 

An iron powder electrode (AWS class E-6024), the SW-44 


excels in high-speed operation . . . deposits far more tough 


weld-metal than conventional rods. Actually, many users 


( 


report the SW-44 cuts welding time 25% .. . electrode cost 


by as much as 10°. Speed and strength are far from all. 


You get smooth, self-cleaning welds ... the quality look 


that sells your product. 


Want more facts about the SW-44 and other top-perform- 


ing electrodes? Call ‘Your man from A. O. Smith”... or 


write direct. 


Through research ...a better way 


The man from A. O. Smith 
Byron Motl is the A. O. Smith 
welding consultant who worked with 


Railway Maintenange Corporation R G 
More than a salesman, he’s a trained 
welding specialist ... ready and eager WELDING PRODUCTS DIVISION 


to help with production problems waukee 1. W 


For more details, circle No. 22 on Reader Information Card 
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Airco Acquires Welding 
Firm 

Arerods Corporation, a leading pro- 
electrodes with 
Ohio and Sparrows 


ducer of are welding 
plants in Cleveland 
Point AY irviand, has become a whollv- 
owned subsidiary of Air Reduction Co., 
Incorporated, it was announced by John 
4. Hill, Airco’s William 
Brainard, pre sident of Arcrods, will con- 
that Arcrods 
been furnishing electrodes to Air Reduc- 
tion and Air Reduction has had a stock 
nterest in Arerods 


president 


tinue wu Capacity has 


Welding Subject of Foundry 
Award 
The Stee! 


Are rien 


Jopling. project 


Society ol 
that Joe 
Phil H. 
adwards Construction Engineers, Fort 
Wort has been awarded $1000 
in addition to a “national gold certifi- 


Founders’ 
recently announced 


engineer of 
Tex., 


cate in recognition for his winning 
paper during SFPSA’s 3rd Product De- 
velopment Contest. Mr Jopling’s en- 
Weld Construction 
Ripper Frame,’ was ad- 
udged at the SPSA’s 55th Annual Fall 
Meeting at The Homestead Hotel, Hot 


Springs, Va 


( ‘Composite 


Rock 


ASCE Elects Officers 


The American Civil En- 
gineers has elected Louis R. Howson. of 
Chic Mr. 
Howson Lock- 


Was installed 


Society of 


president for one 


vear, 
Mason 
wood, of Houston, Tex., 
October 16th at the annual meeting of 
the Society in New York City. 
The vice -presidents-elect are 
and Samuel B. 
two vears 
elected 


succeeding 


Waldo 
(i. Bowman Morris 
Thev will serve 

The 


vears irt 


directors 
Prof Weston 3S. 
Craig P. Hazelet. Donald I 
John | Philip ¢ 
Pilton Shelburne. 


for three 
Mattern, 


Rinne Rutledge and 


Linde Appoints Distributor 


Hill Kquipment Co., of St. Louis, 
Mo., has been appointed a distributor 
for the Linde Co., Division of Union 
Carbide Corp., 30° E. 42nd New 
York 17, N.Y. The new distributor 
will i complete line of welding 


St., 


hance 


1128S 


equipment and supplies, and will 


erate out of Granite City, Ll 


Op- 


Awards at College Level 


Engineering undergraduates in 
twenty-six engineering schools and uni- 
and 


awards this vear in the annual competi- 


versities received recognition 
tion sponsored by The James F. Lincoln 
Are Welding Foundation of Cleveland 
for student designs of welded machines 
and structures. A total of forty-six 
awards amounting to $5000 were given 
Dupli- 
cate awards in scholarship funds were 


to engineering undergraduates. 


presented to schools honoring the stu- 
dents whose designs received the main 
Awards were made for papers 
to The Foundation 
ke signs ol and 


structures improved through the use of 


awards 
submitted 


presenting 


Lincoln 


machines 


welded design. 

The First Grand Award of $1250 
went to a husband and wife engineering 
team, Charles and Ann Hutchins, 
as undergraduates at the University of 
Michigan, collaborated to 
entry on the design of 
used in oa 
Their departments 
in 
their 
history of 


who, 


submit an 
various parts 


welded two-stage press. 


were each given 


funds honoring 
achievement. the 
The Lineoln Foundation 
this is the first 


woman has received recognition among 


scholarship 
ten-vear 


competition, year a 


the generally predominate male engi- 
neering undergraduates. 

Another team received the 
Second Award. Eugene A. Jahnke of 
Charles City, lowa, and Keith Wilson 
of Monroe, Wis., both enrolled in the 
Department of Architectural Engineer- 
ing at Towa State College, designed a 
welded rigid steel] frame to be used in an 


Their de- 


their honor 


elementary school building. 
partment 
scholarship funds of $500 

The Third Award Donald 
Malcolm of Pittsburgh who, as a stu- 
dent in the Machine Design Depart- 
ment of Cornell University, designed a 
for handling work for auto- 
He received $500 and 


$250 to 


received in 


went to 


machine 
matic welding. 
his department was given 
award in scholarships. 

The Lincoln 
ing a similar competition for the current 
year interest under- 
graduate studying how 
welded design can reduce costs and im- 


Foundation is sponsor- 


school again to 


engineers 


stry 


both machines and structures of 
Any resident undergraduate 


prove 
all ty pes, 
can participate. 


Welded Ring Manufacturers 


Announcement has been made of the 
formation of The Welded Ring Manu- 
facturers’ This 
tion has been organized to fulfill better 


Association. 
the requests of code and specification 
writing bodies for industry-wide accept- 
ance of new and improved specifica- 
tions for rings and to assist in the formu- 


The 


sociation has appointed the following 


lation of such specifications. 
committees: a Technical Committee, a 
Committee on 
third committee on Industry Statistics 

The WRMA’s member 
are: The American Welding & Manu- 
facturing Co.; The Cleveland Welding 
Division, American Machine & Foundry 
Co.;: Alloy Corp.; Dresser 
Manufacturing Division, Dresser In- 
Inc.: Edgewater Steel Co.; 
Wheel Co.: and Ladish 


Procurement; and, a 


companies 


( ooper 


dustries 
King Fifth 


Co, 


COMING 
EVENTS 


A Calendar of Welding Activity 


AWS National Meetings 


1958S Spring Meeting and Welding 


Show: 
April 14-18, Statler Hotel, St. 
Mo. 


[AA 


March 19-21. Fifty-eighth 
Convention, Bellevue 


Hotel, Philadelphia, Pa. 


Annual 


Strattord 


NWSA 
Southeastern Zone Meeting: 
Atlanta 


December 2-3, 1957, Bilt- 


more, Atlanta, Ga. 
Southwestern Zone Meeting: 
December 5-6, 1957, The St. Anthony 
San Antonio, Texas. 
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To prepare new crushers for a hard life, Wasco County, Oregon, hard- 
faces rollers with Victor alloy rod. The rollers showed no discernible 
wear after crushing 3100 tons of extremely hard and abrasive basalt. 


Lifesaver for new or used equipment WICTOR 
Hardfacing Alloys 


Wasco County, Oregon, uses lots of crushed basalt. This rock tube Victorite coated for finish work around the roller edges. 


crushes readily, yet is extremely hard and highly abrasive, Longer crushing life will quickly pay for the rod. 


consequently tough on rollers. So, as standard practice, Supt. 
Wayne Weeks hardfaces all rollers in brand new crushers, 
before ever they crush a single basalt rock. He reports hard 


You, too, can save money and extend the life of equipment 


subjected to abrasion, impact and heat. Simply make it 
standard practice to hardface both new and worn equipment 
with Victor alloy rods. Complete line of 27 different hard- 
. . facing rods assures you a right rod for every hardfacing need. 
Full range of sizes for both acetylene and electric AC and 


facing of new equipment prevents excessive wear of surface 


* material, thus maintaining roller size during the work hard- 


On this new crusher, he used 200 Ibs. of Victor #0 semi-auto- DC applications, either hand, automatic or semi-automatic. 
matic wire, size 7/64”, to hardface roller faces, and 50 Ibs. of | Order a supply from your Victor dealer TODAY. 


FREE Victor Hardfacing Manual shows you right rod 
to use and how to apply it. Write us NOW for your copy. 


Profitable dealerships open; inquire now! 


VICTOR EQUIPMENI COMPANY 


for weldin ALLOY ROD AND METAL DIVISION 
13808 E. Imperial Highway, Norwalk, Calif. »* Wakita, Oklahoma 


For more details circle No. 23 on Reader Information Card 
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Airco Names Wallace 


H. C. Wallace, assistant regional sales 
manager of the Southern Region of Air 
Reduction Sales Co., has been appointed 
regional sales manager of that region, 
succeeding M. G. Wicker who has re- 
signed. Mr. Wallace will maintain his 
office at Houston, Tex. 

Mr Wallace began his association 
with Air Reduction in 1929 at the Louis- 
ville Ky ofhies and has progressed 
through various sales positions over 
the vears. His previous headquarters 
were in Louisville, Ky 

A. W. Gilpin, assistant sules manager 
at Houston, has been appointed assist- 
ant to the 
R. Pringle, salesman, succeeds Mr. Gil- 


pin as assistant sales manager 


re gional sales 


200 PROVEN 

odels 
POSITIONERS 
ED” 


Requirements 


Heavy Duty Gear Driven 


Aronson Tractred (T M. Reg ) Turr 


Air Products Expands in 
England 


A new company named Air Products, 
Ltd., has been organized by Air Prod- 
ucts, Inc., of Allentown, Pa., and the 
Butterley Company of London, Eng- 
land. 

This new organization will be an 
overseas counterpart of Air Products, 
Ine., primarily involved in the design, 
manufacture, installation and operation 
of oxygen plants and other low-tem- 
perature equipment for the British 
Commonwealth and Muropean markets. 
The Company will also produce and 
sell industrial gases, sewage treatment 
equipment and textile cleaning equip- 
ment, 


5 for thin walled heavy 
cylindrical work ¢ ty. Zero to 100 IPM 


turning speed and B 


PLAN NOW 
TO ATTEND 
1958 SPRING MEETING 


Lincoln Assigns 
Representatives 


A. Lincoln Clifford, John R. Deobald 
and Daniel E. Doudna have joined the 
Lincoln Electric Co.'s district offices at 
Columbus, Ohio; Cleveland, Ohio; and 
Chicago, IIL, respectively. All three of 
these men were in the company’s train- 
ing program in Cleveland, prior to their 
current assignments. 

Mr. Clifford, a native of Idaho Falls 
Idaho, is a graduate of Weber Colleg 
with a degree in Business Administra- 
tion. He also holds a degree of Bache- 
lor of Science, Industrial Management 
from Utah State College. 

Mr. Deobald, originally from Peoria 
Ill., joined the company after receiving 
il degree in Mechanical Engine ering 
from Purdue University in 1954 and 
serving two vears as an officer in. thi 
United States Army. 

Mr. Doudna, formerly of Jacksor 
Mich., received a Bachelor of Scienc 
Mechanical Engineering, degree from 
the University of Michigan in June, 
1956. He has also served with the 


Army. 


Merger Executed by Mallory 


Announcement was made on Septem- 
ber 3rd of the integration of P. R. Mal- 
lory Co. Inc., Sharon Steel Corp., and 


Positioners, with Magne 
tic Braking, Mercury 
Grounding, and Optional 
Speeds. Capacities to 
120.000 Ibs 


National Distillers and Chemical Corp 
to form a single company with assets 
exceeding $55 million. The new firm 
will be known as Mallory-Sharon Metals 
Corp. and will engage in the productiot 
of titanium, zirconium and other light 
metals. 
Duty Floor Turntables with 
n speed control and Mag 
Braking, used for welding 
ring, X-raying, etc. Capacities 


to 120,000 Ibs., various heights 
and speeds 


Tube Turns to Expand 


The Tube Turns Division of National 
Cylinder Gas Co. will increase its manu- 
facturing area approximately 10%, by 
converting buildings on property adja- 
cent to its main plant. 

The company announced today the 
signing of a $400,000 construction con- 
tract with Sullivan & Cozart of Louis- 
ville to connect three existing buildings 
creating a new manulacturing ares 
under one roof. 

John G. Seiler, Tube Turns’ presi- 
dent, said the construction progran 


Aronson Universal Balance Positioners 
would provide plant facilities for prod- 
ucts now in the design and develop- 


Write for detailed engineering data 
" pasos ment stage and for expansion of the 


MACHINE COMPANY 
ARCADE, NEW YORK 


For more details, circle No. 24 on Reader Information Card 


welding fittings and custom forgings 
departments. 
Seiler said that the program marks 
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WIREMAKER FOR INDUSTRY 
SINCE 1902 
CHICAGO 


Magnet Wire ¢ Lead and Fixture Wire * Power Supply Cords, Cord Sets and Portable Cord ¢ Aircraft Wires 
Welding Cable ¢ Electrical Household Cords © Electronic Wires * Automotive Wire and Cable 
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EUTECTIC 
WELDING ALLOYS 


Sales « Service « Research 
is only as far away as a phone 
call or letter to any of the fol- 
lowing warehouse-service cen- 
ters: 


BOSTON HUbbard 2-2060 
WASHINGTON, D.C. STerling 3-3480 
NEWARK Market 4-3242 
PADUCAH 3-5222 

MEMPHIS FAirfax 4-1511 
MIAMI PL 4-7044 

MILWAUKEE BRoadway 3-6614 
FT. WORTH ENterprise 2264 
PORTLAND CApital 3-6393 
JACKSONVILLE Elgin 5-2057 
MOLINE 3-8070 

TULSA Riverside 2-4783 
BIRMINGHAM LYric 2-7883 
KIRKWOOD TAylor 1-5508 
EVANSVILLE HArrison 5-6992 
DETROIT WOodward 3-7245 
OMAHA ATiantic 3419 

VAN NUYS Dickens 2-9326 
BALTIMORE PLaza 2-5022 
BUFFALO MOhawk 8170 
CINCINNATI MAine 1-8404 
CLEVELAND PRospect 1-1993 
COLUMBUS CApital 8-1664 
NEW ORLEANS RAymond 9089 
HOUSTON FAirfax 3-0637 
INDIANAPOLIS MArket 3326 
PHILADELPHIA Rittenhouse 6-1818 
PITTSBURGH GRant 1-9522 
LITTLE ROCK FRanklin 4-1401 
CHARLOTTE FRanklin 7-4575 


REGINA, SASKATCHEWAN LA 3-2731 
EDMONTON, ALBERTA 20895 
WINNIPEG, MANITOBA WHitehall 3-7059 
TORONTO, ONTARIO Empire 8-1343 
VANCOUVER, B.C. MUtual 4-9011 


E. W. Sales & Welding Service, Inc 

1652 East 57 Street, Chicago 17, Ill 
REgent 1-2424 

Eutectic Welding Alloys Corporation 

446 Northside Dr., N.W., Atlanta 18, Ga. 
JAckson 3-3552 

Eutectic Welding Alloys Corporation 

2204 Irving Boulevard, Dallas 7, Texas 
Riverside 1-5829 

Eutectic Welding Alloys Corporation 

1108 Blake Street, Berkeley 2, Calif 
THornwall 3-7577 

Eutectic Welding Alloys Corp 

358 Wisconsin Ave., S.W., Huron, S.D. 
Huron 749 

Eutectic Welding Alloys Co. of Arizona Inc. 
1402-1414 South 7th St., Phoenix, Arizona 
ALpine 3-0090 

Eutectic Welding Alloys, St. Louis Inc 
3719 Vest Avenue, St. Louis 7, Missouri 
GEneva 6-4644 

Pacific Div. of Eutectic Welding Alloys Co., Inc. 
5348 Jillson St., Los Angeles 22, Calif 
ANgelus 8-3451, 8-3452 

Eutectic Weld. Alloys Co. of Canada, Ltd. 
3150 37th Street, Ville St. Michel 
Montreal 38, P.Q. RAymond 1-4930, 1-4939 


When you need a Eutectic Dis- 
trict Engineer for on-the-spot 
assistance, you'll get immediate 
action by any of these centers. 


EUTECTIC WELDING ALLOYS CORP. 


40-40 172nd Street, Flushing 58, New York, N.Y 
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Tube Turns’ greatest phvsical growth 
since it moved into its present main 
plant in 193s, 


Hobart School to Expand 


The Hobart Trade School, an eduea- 
tional institute sponsored by Hobart 
Brothers Co., Troy, Ohio, Is building a 
new technical school in an att mpt to 
meet the urgent need for welding tech- 
nicians. To bridge the growing gap 


hetween the engineer and the welder 


this is the aim of Hobart Brothers new 
school. 

The new Hobart Technical Institute 
is an outgrowth of the Hobart Track 
School, a school which has graduated 
20,000 welders since 1930.) The need 
for a new technical center demanded 
that it be operated on a much higher 
level, with the ultimate goal of a full 
two-vear curriculum leading the 

Welding Associate. 
mathematics physics, 


certificate ol 
Metallurg, 
chemistry, design and a thorough study 
of welding and all its aspects—these are 
the basi principles upon which the 
program will evolve. The building it- 
self (SO,000 sq ft) will hows adequate 
¢lassrooms for a large student body, lab- 
oratories, an auditorium, research 
department, a library and complete ad- 
ministrative facilities. 


Welding Awards for Farmers 


Gary Neuschafer of Hope, Kan., re- 
ceived the top honors and awards this 
vear from The James F. Lineoln Are 
Welding Foundation of Cleveland, Ohio. 
in its annual, national arc-welding com- 
petition for high school students on 
farms or ranches. He received the $600 
First Award for his entry describing 
his high-s« hool farm-mechanies welded- 
shop project, a wagon chassis. In his 
honor, his school also received $600 fer 
use in the shop course and his teacher, 
William Reynolds, received a bronze 
medal and citation. 

The M00 Second Award went to 
Leemer Gene Cernohlavek of Weston, 
Neb. Third Awards of $200 were given 
to Larry Dickinson of Doyle, Calif., 
and Tom Schultz of Davenport, Wash. 
Their schools received duplic ate awards 
and their teachers, F. W. Fox and John 


News of the Industry 


klhot, were cited with bronze medals 

The Lincoln Foundation is sponsor 
a similar competition for the current 
school year for which any high-schoo 
student living or working on a farm o1 
ranch is eligible. Information can 
obtained from the Foundation, Cle 
land 17, Ohio. 


Canadian Section of CGA 
Elects 


David W. Black of The British Oxy- 
gen Canada Ltd. was elected chairman 
of the Canadian Section, Compressed 
Gas Association, Inec., at the section's 
annual meeting held September 9-11 at 
the Seigniory Club, Montebello, Qui 
Other officers elected were Keith \W 
Shaw, Imperial Oxygen Ltd., Ist 
chairman, and W. A. Taylor, Canadisn 
Industries Ltd., 2nd vice-chairman 


Ampco Appoints Distributor 


The Columbus Welding Supply ( 
1236 Midway Drive, Columbus, G 
has been named a stocking distributor 
of the complete line of Ampco Bronze 
Weldrod products, according to 
cent announcement by Ampco Meta 
Inc., 1745 S. 38th St.. Milwaukee 46 
Wis. 

The new distributor, an affiliate 
Keenan Welding Supplies, Ini \ 
bany, Ga., will handle Ampco-Trod 
Ampco-Trode “AC” and Phos-Trod 
electrodes, filler rod and spooled wire Lh 
addition to Ampco-Braz gas-welding 
and brazing rods. 


ELEVATED WATER TANK 


1,000,000-gal elevated steel 
water storage tank was built by the 
Chicago Bridge & Iron Co. for the 
Southeastern Oakland County Water 
Authority at Berkley, Mich. The sphe- 
roidal portion of the structure is 87 '/2 
ft in diam with a range in head of 25 
ft between the low and high water 
level, making the over-all height of 
the structure 101 ft. 
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STRONGER 


FAST OVERLAY FOR CAST IRON DIE— 


LOWER COST— 
LONGER SERVICE 


Constant use was wearing away 
large cast-iron forming dies used 
by a Canadian railway car manu- 
facturer. The company wanted 


any repair to be harder than the cast-iron itself, 


is 


A “Eutectic” District Engineer w 


onsulted 


(fig.1) 


and recommended that the forming dies 


be rebuilt by overlaying with EutecTrode 130 (AC-DC) 

EutecTrode 130 (AC-DC) is specially designed for a hard etla I ast n and 

teel which is subjected to constant wear. Its Frigi A ri at elps produce 

deposits with a hardness of Rockwell C45-47 as de ed: at ve € peratures 

Slight peening and multiple layers increases this hardness to RC 62! Deposits are 
oth, dense and offer exceptionally high resistance t vear and t The low 

welding temperatures possible with all “Eutectic” alloys avoids the difficulties of 


embrittlement and warping, common 


are used on cast iron. 


(fig. 2) 


when conventional 


ing materials 


high heat we 


Figure (1) shows the building up process 
with EutecTrode 130 (AC-DC) well on its 
way. In figure (2) the die is in the final 
stage f being refinished with this super 


ior alloy. The manufacturer was astonished 


at the results obtained. After two months 
of « the 


show virtually no wear. 


blocks 


(B-16) 


onstant use forming die 


HIGH-HEAT DISCOLORATION 
ELIMINATED ON STAINLESS STEEL 


The 
silver solder caused discoloration of a new 


This 


high heat needed with conventional 


stainless steel mixing valve. forced 


the manufacturer into an extra grinding 
and polishing operation, which consider 
ably increased the unit cost. 


On a regular shop call the “Eutectic” Dis 
trict Engineer suggested EutecRod 1801 


EutecRod 1801 is a universal, low-melting 


silver type alloy with a high tensile 
strength of 90,000 psi...a perfect com 
bination for stainless steel. It is ideally 
suited for delicate parts and light gage 


metals. Tests with EutecRod 1801 showed 
that the 
“Eutectic” 


heats possible with this 
the 
some discoloration. Faster joints were pos- 
the 
properties of this highly developed alloy. 
The 


and corrosion resistant. 


lower 


alloy eliminated trouble- 


sible too, because of thin flowing 


finished joint was strong, leakproof 


Now, using EutecRod 1801 to assemble 
his mixing valves, the manufacturer 
reports that the elimination of extra 
polishing and cleaning, as well as increased 
production, effected savings of $15,000 a 
(B-17) 


year. 


WAREHOUSE-SERVICE CENTERS IN ATLANTA, 


NAVY SeaBees LEARN 
NEWEST ANTARCTIC 
WELDING TECHNIQUES 


A U.S. Navy Construction 


instructed in the 


Training Unit 
was recently latest “Low 
Heat Input”* metal joining methods and 
alloys by a team from 
Eutectic Welding Alloys Corporation. The 
training unit was part of a Steel Working 


demonstration 


School at the Rhode Island SeaBee Con 
struction Base. The Eutectic” demon 
stration emphasized techniques and alloys 
specially suited for below zero service 


SeaBee construction crews will 
for the Antarctic in 
tion for U.S. Navy's 


the 1958 International Geoy 


conditions 


soon leave prepara 
the participation in 
yhysical Year. 


Special attention was directed at EutecRod 
21 and 


EutecTrode 


2101 (DC Reverse). 


EutecRod 21 is a torch aluminum alloy for 
high strength fillet and bead joints on 


CHICAGO, ST 


LOUIS, HURON, PHOENIX, DALLAS, BERKELEY, 
INDUSTRIAL AREAS © CANADIAN PLANT IN MONTREAL: EUTECTIC WELDING ALLOYS COMPANY OF CANADA, LTD. 


wrought forms, extr : st alumi- 
nun ideal for architectural and general 
building use. EutecTrode 2101 (DC 
Reverse) is a new, patented electrode with 
extruded ‘‘frigid ar¢ flux coating. 
Designed for heavier aluminum castings, 
long joints and overlaying, 
its extruded coating makes it easy to con- 
trol. Both of these alloys have been found 
highly adaptable to sub zero service 
conditior (B-18) 


| CHICAL MAIL 


Q. Please give us procedure for rebuilding 
and hard surfacing manganese pressure 
jaws on gravel crushers. Conventional 
materials always cause distortion and 
buckling. 


A Mangane e jaws i this type can be 
surfaced th Eut Trode 2 as is r fol- 
wed by su nt layer fE Trode 
12. For ince, We 

pa de 4 
r EutecTrode 68 ¢ to the 
manganese VS ver apply 


EutecTrods 


Q. We would like information on over- 
laying nickel-manganese parts of our 
shot-blast unit. 


A. Assuming the erlay is subjected to 
heavy impact in service e would recom- 
mend EutecTrode 4. Apply directly to the 
nickel-manganese parent or, for extremely 
heavy sections, after a preheat of 500°F. 
Under certain conditions it is desirable to 
apply EutecTrode 680 directly to the 
nickel-manganese base metal without pre- 
heating and build up with subsequent 


layers of EutecTrode 4 


Eutectic Welding Alloys Corporation 
40-40 172nd Street, Flushing 58, N.Y 


Gentlemen: 


| would like further free information on 
the following: 


B-16 B-17 B-18 
Free: New 1958 180 page pocket Welding 
Data Book. 


LOS ANGELES AND LEADING 


od 
: = 
' 
= 
' 
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| 
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OXYGEN CYLINDERS 


Looks like a blimp but in reality it 
is one of thirty 80-foot oxygen cylin- 
ders made at U. S. Steel’s National 
Tube Division's Christy Park Works 
in McKeesport, Pa. These cylinders 
will serve as part of an oxygen plant 
at Granite City, Ill., storing oxygen at 
high pressure. 


Airco Acquires Hartford Firm 


Air Reduction Sales Co., a Division 
of Air Reduction Co., Ine., 150 BE. 42nd 
St., New York 17, N. Y., aequired Adel- 
son-Werts, Inc., of Hartford, Conn., it 


Was announced today by A. C. Brown, 
Jr., vice-president of Air Reduction's 
Eastern Region. 

The Hartford firm has been an au- 
thorized dealer for Air Reduction since 
1948, serving industries in the central 
and northwest areas of Connecticut 
with Airco oxygen, acetylene, nitrogen 
argon, hvdrogen and he lium and Airco 
arewelding, Heliwelding, and oxyacet- 
vlene welding and cutting equipment 
and supplies. 

The acquisition resulted from the re- 
tirement of 3. Adelson 
Mr. Werts and the other personnel will 
continue at the location which becomes 
an exclusive Airco store. L. B. Driscoll 
of Air Reduction has been named store 


co-oOWwher, 


manager, 


Opportunities in Civil Service 


Announcement No. 112B from the 
United States Civil Service Commission 
contains in its 12-page booklet various 
engineering opportunities now avail- 
able through Civil Among 
the subjects discussed as prerequisites 


Serv lee 


for these positions are ¢ ducational back- 
ground and = quality of 
Anvone interested in obtaining further 


information on opportunities in welding 


experience. 


engineering should direct inquiries to: 


© Word harden to 550 Brinel! 
@ Tensile strength up to 150,000 psi 
Outlast new parts 


Bulleti, 


a 
nd Mame of 


"Cares, 


distributo, 


For more details, circle No. 27 on Reader Information Card 


Vews of the Industry 


LINCOLN NAMES ‘“‘DEALER 
OF THE YEAR”’ 


Richard Lindgren, extreme left, dis- -B- 
trict manager for Lincoln presents the 
“Weldealer of the Year’ plaque to 
Russell Pulis and Richard Pumroy 
owners of the Vailey Supply Co., Ot- 
tumwa, lowa. The award, given an- 
nually by Lincoln Electric Co., is ex- 
tended to Valley Supply for ‘‘outstand- 
ing achievements in performance, co- 
operation, development and leader- 
ship.”” Lester Hansen, Lincoln sales 
engineer, is at the extreme right. The 
Messrs. Lindgren, Pulis, Pumroy and 
Hansen are members of AWS. 


Board of Cis 
Service Examiners, Room 1109 Mai 
Navy Bldg., Department of the Navy 
Washington 25, D.C, 


Executive Secretary 


Appointments at Smith Welding 
Equipment 

Llovd L. MeBurney, 
Smith Welding Equipment Corp., Min- 


president 0 
neapolis, Minn., announces two ex 
tive appointments as part ol the com- 
pans program ol expansion, 

Robert L. Peterson, formerly with thi 
G. H. Tennant Co., Minneapoli 


advertising 


manager 


been appointed 


and will supervise all space advertising 


sales promotion programs and the con » 
pany’s participation trade shows 

He is a graduate of the Universit 

Minnesota with a B.A. degree from thi 

School of Journalism and has specialized 5 


in the advertising and marketing otf 
technical products. 
Maleolm Fallek 
the Business and Economics Resear 
Department of Minnesota Mining «& 
Manufacturing, St. Paul, 
named manager of market research for 
Smith Welding. He is a mathematics 
graduate with a B.A. degree from Nev 
York State Teachers College and at 
M.A. degree in Marketing from thi 
lowa. He will direct 


market research and analysis studies. 


formerly wit! 


has beer 


University of 


Tue JOURNAL 
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Welding Wire 


The RIGHT Packaging for the RIGHT Wire 


e When you choose PAGE Welding Wire, you are 
assured of getting the exact wire for your applica- 
tion—and receiving it packaged to provide maxi- 
mum protection and convenience. PAGE has devel- 
oped a packaging program to cover practically 


every requirement in the broad fields of automatic, 
semi-automatic and manual welding. Coils, reels, 
bundles, cartons, Leverpaks, Payoffpaks, Payoff- 
pallets... PAGE has them all! Look to PAGE for the 
right packaging of the right wire. 


Wrapped Coils — 
Coils in Cartons 


Welding Wire 
in Coils 


Handy Reels 


Gas Rod 
Packing 


Payoffpaks 
and Leverpaks 


ag | 


j 
Payoff pallets 


. 
This Chart Shows How PAGE Gas-shielded ante Straight and 
The Exact Packaging You Want electrodes automatic Bare wire 
Semi- Inert Submerged | Manual Oxy- 
PAGE WIRE for -> | Automatic! Automatic Gas Are Electric | acetylene ; 
PACKAGING y Welding | Welding | Welding Welding Welding | Welding is 
25-lb. or 60-Ib. coils wrapped in waterproof paper, 
steel-strapped, single or palletized. 
25-lb. or 60-Ib. coils in individual cartons, single or ‘od 
palletized. 
120 or 180 Ib. (22"/24”" 1.0.) coils, paper-and-burlap ee: 
wrapped, or in cartons, palletized. x, 


Special coil sizes (on application). 


25-Ib. reels (spools) in carton to fit all standard ma- 
chines; single or palletized. 


Leverpaks, 15” dia., 25-Ib. coils (12” 1D.x2'%2”" wide); 
Leverpaks, 17” dia. 50/60-Ib. coils (12” 1.0.x4” wide). 


Payoffpaks: 20” dia. size holds up to 500 Ibs.; 23” dia. 
size holds up to 700 Ibs. 


Payoffpallets, holding 900-1200 Ibs. of wire (%6" to ¥%" 
sizes, incl.) coiled around pedestal on a wooden pallet. 


SINS 


Paper-and-burlap wrapped bundles, containing 50 Ibs. 
of rods in 36’ lengths. 


Fibreboard cartons, containing 10 Ibs. of rods in 36” 
lengths; single or boxed. 50# and over. 


Burlap-wrapped 50-Ib. bundles of bare wire electrodes 
in 14” and 18” lengths. 


Sead for These... 


e Folder DH-402A 

PAGE Submerged Arc and 
Inert Gas Welding Wire 

e Booklet DH-1277 

PAGE Gas Welding Rods 


e Welding Rod Comparison Chart 


Page Steel and Wire Division ACCO 
AMERICAN CHAIN & CABLE Sp 


33 DIFFERENT ANALYSES 
PAGE covers the field of applications with 33 
different analyses: heavy automatic sub- 
merged arc..light manual submerged.. inert 
gas manual...automatic, tungsten or metal 
arc, and oxy-acetylene gas welding. 

Look to PAGE for your needs for automatic 
welding wire, gas welding rods, bare elec- 
trodes or metal spray wire. 


PROMPT DELIVERY FROM LOCAL STOCKS 


PAGE welding wire and rods are available 


Monessen, Pa.*, Atlanta, Chicago*, Denver*, Detroit, Houston* 
from your nearby PAGE Distributor or PAGE Los Angeles*, New York, Philadelphia*, Portland, Ore \ is 
warehouse stocks (see list at right). San Francisco*, Bridgeport, Conn. reaoe 

*Indicates PAGE warehouse stocks 


For more details, circle No. 28 on Reader Information Card 
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INTERNATIONAL 
WELDING NEWS 


The East German 
Welding Committee 
By W. Raidt 


The Welding Committee of Kast Ger- 
many is one of 16 committees of the 
Machinery Section of the Engineering 
Chamber The latter is the compre- 
hensive technical organization of scien- 
tists, engineers, and other technical 


personnel, which endeavors to further 


the technical and economic progress of 
the German Democratic Republic. The 
Welding Committee has five aims l 
| introduc- 


exchange of information; (2 


tion of new developments; (3) broad- 
ening of technical and economic knowl- 
edge ; 


cooperation with code-uniting 

and (5) development of tech- 
nical information, The means for at- 
taining these aims are l holding 
meetings and courses; publishing 
literature; (3) sending delegations to 
conventions and expositions domestiv 
and foreign: and cooper! iting closely 
with official organizations 


The Committee has ten subcommit- 


tees 1) filler metal: 2) automatic 
welding; (3) welding equipment; (4) 
metal spraying; (5) surfacing; 
nondestructive testing; (7) education; 
S) resistance welding; (9) design; and 


There ure also 


Dresden, 


10) thermit welding. 
Leipzig, 
et and regional committees. The 


district committees 


main Committee has about 50 members 
including chairmen of sub-committees, 
district and regional committees, proj- 
ect and standardizing committees, heads 
of welding institutions, and other tech- 
nical people involved in welding. The 
chairman is elected by the members, and 
there is a small steering committee. In 
1956 the main committee had five meet- 
ngs: the steering committee had two. 
ach subcommittee has LO to 20 active, 
qualified members. Their activities in 
1956 are described below. 

Filler Metal a 


Kast German standards group for cast- 


cooperation with 


iron welding rod and for unified stand- 
ards with West Germany; (4) classifi- 
cation on an international level of elec- 


Abstract by Gerard I Claussen of Der 
Fachausschuss Schweisstechnik published in 
Schweisstechnik (Berlin), 7, 33-35 (1957 rhe 
suthor is Chairman of Dr. Claussen 
is associated with Development Laboratory 
Linde C« Newark, N. J 


trodes for submerged-are welding; 
the problem of electrodes without 
stripped ends, multiple electrodes, elec- 
tro-slag welding, welding thick plates, 
special alloy electrodes; and (d) forma- 
tion of working groups on automatic 
welding. 

Automatic Welding: (a 
of automatie and semiautomatic appara- 


improvement 


tus for are welding; (6) cooperation mn 
developing filler metal; c) advisory 
work in setting up equipment for pro- 
ducing welding material; (d) evaluat- 
ing the characteristics of the different 
fluxes; (e) developing a universal flux 
to be used with the standard electrodes 
in submerged-are welding; (f) copper 
coating of wire for submerged-ar 
welding; 
delegations to Russia and Poland;  (/ 
publishing information leaflets on sub- 


issuing trip reports ot 


merged-are welding; (7) holding com- 
forming a special group on 
apparatus; and (k 
the resistance-welding subcommittee. 


petitions; (7) 
cooperation W ith 


Gas Welding Equipment: (a) evalua- 
tion of all tests on equipment made by 
the Central Welding Institute; b 
evaluation of foreign automatic welding 
processes; and (c) working on cutting ap- 
paratus, powder cutting and standards 

Vetal Spraying: (a) forming three 
working groups, one at the Central 
Welding Institute on equipment, one at 
Rostock on n 
ships, and a third at Halle on corrosion 
prevention in industry; other groups 
will be formed later; (6) spreading in- 


corrosion =prevention 


formation particularly in cooperation 
with the Educational Committee; and 
ce) holding an international conference 
on metal spraying in conjunction with 
the Central Welding Institute. 

Surfacing: (a) spreading informa- 
tion on surfacing and setting up qualifi- 
cation courses for welding operators do- 
ing surfacing; and (6) cooperate with 
the automatic welding committee in de- 
veloping a fully automatic machine for 
surfacing rails. 

Vondestructive Testing: (a) coopera- 
tion with the main committee of the 
Chamber on Materials Testing; (>) use 
of isotopes and ultrasonic methods in 
industry; (c) hold a 
nondestructive testing early in 1957; 
and (d) prepare an atlas of radiographs. 

Education: (a) review existing edu- 
cational literature with particular refer- 
and (6) prepare training 
courses on hot-welding cast iron, weld- 


conference on 


ence to codes: 


News of the Industry 


ing copper, inert-gas welding, light- 
metal welding, submerged-are welding 
and metal spraying. 

Design: (a) deal with all questions 
design on a scientific plane; (6) hold a: 
international 
methods of calculating welded machin 
structures; (d) investigate the action o! 
combined side and end _ fillet welds 


(e) investigate safety factors; and f 


conference ; issue 


comprehensive evaluation of interna- 
tional literature. 
Thermit Welding: 
of methods for rail and repair welding; 
assist the Educational Com- 


(a) development 


and (6) 
mittee in preparing a course of instru 
tion. 

On Nov. 28, 1956, the Welding Com- 
mittee issued the following statement in 
an endeavor to unify the somewhat di- 
vergent reports of the three delegations 
that visited Russia. 

“Present Position in East Germany. 

1. Welding represents a relatively 
high proportion of production 
compared with casting and rivet- 
ing. 

2. Manual welding is at a high state 
of development from the stand- 
point of quality of electrodes and 
weld metal. 

3. Welded products ure well de- 
signed. 

$. From both material and man-hour 
standpoints, welding is being per 
formed economically 

5. Deficient in automatic welding 
resistance welding, and fabricat- 
ing techniques. 

“We cannot adopt the Russian scheme 
of things, but should endeavor to de- 
velop the following Russian innovations 

1. Highly developed equipment for 
submerged-are and inert-gius 
welding. 

2. Toa small extent introduce elec- 

tro-slag welding. 

3. Study Russian 

strength of materials. 
‘The fields in which we lead are 

1. Welding with particular emphasis 
on low cost. 

2. Electrodes with high deposition 

rates. 

3. Sintered flux. 

$. Use of highly developed resist- 
ance welding. 

5. Lightweight structures. 

6. Use of structural steels, such as 
ST52, that are free from cracking 


research on 


tendencies.” 
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You don’t have fo 


weld if. ee 


you just point it! 


STOODY SEMI-AUTOMATIC HARD-FACING 
The fast way to take the work out of welding! 


Hard-facing with the new Stoody Semi-Automatic Wires 
is that easy! You simply “aim” the wire and strike the 
arc. The semi-automatic machine does the rest... auto- 
matically feeds the wire at the correct rate, lays down a 


sound deposit — stringer bead or wash pass. 


Man, it’s a weldor’s dream! No fluxes, no flux dams. 
Perfect visibility of the weld every inch of the wav. And 
talk about speed—2 to 4 times faster than manual weld- 
ing...ideal for covering big areas quickly, extremely 
handy for maintaining equipment between shifts! No 
changing of electrodes either... welding is continuous 
as long as there’s wire on the reel and this naturally 
means an end to stub end waste. 


STOODY 


With Semi-Automatic’s low heat input and low pene- 
tration, there's less dilution of the deposit. Less dilution 
means higher alloy content with increased wear resist- 
trodes of similar 


ance, usually superior to manual elec 


analysis. There’s a complete line of wires with just the 


right analysis for every job! 


TRY SEMI-AUTOMATIC HARD-FACING THIS EASY WAY— You 
Stoody dealer will arrange for a semi-automatic demon- 
Check the 
yellow pages of your phone book for nearest Stoody 
Dealer.) Let him prove how Stoody Semi-Automatic 


Hard-Facing can cut your maintenance costs! 


stration in your plant—on your own job. 


COMPANY 


11927 East Slauson Avenue * Whittier, California 
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Callahan Completes 40 Years 
of Service 


lohn F. Callahan, assistant advertis- 
ing manager, Air Reduction Sales Co., 
on August Il celebrated completion of 
forty vears of service with the company. 
Mr. Callahan is among the first of a 
small group of pioneers to reach the 
fortv-vear mark with Air Reduction. 

Mr. Callahan started with Air Re- 
luction in 1917 as a messenger in the 


, 


9 
C 
¢ 
4 CALLABAN 


AIR 


John F. Callahan 


mail room of the company’s head- 
quarters then loeuted at 120 Broadway, 
New York City On March 1, 1921, he 
oined the company’s advertising de- 
partment where since 1938S he has been 
issistant advertising manager. 

In addition to having served as a 
member of the Program and Publicity 
Committee of the AMerIcAN WELDING 
Society, Mr. Callahan has for the 
past twenty-eight vears been a member 
of the Program, Publicity and Arrange- 
ments Committee of the 
Acetvlene Association He is also see- 
retary of the Air Reduction Quarter 
Century Club and a director of the 
\irco Association, Ine 


International 


Dana and Swan Named 
by Union Carbide 


L. 1. Dana has been appointed vice- 
president—tesearch and development, 
ind David Swan appointed director of 
Linde Co., 
Union Carbide Corp., it was announced 
by W. M. Haile, president of Linde 
Dr. Dana has been, up to now. vice- 
Linde. Mr. 
research, of 
Metals Research Laboratories. Electro 
Metallurgical Co., another Division of 
Union Carbick 


research — of Division of 


president—research — for 


Swan has been director of 


Dr. Dana joined Union Carbide in 


1138 


1923 at the Linde laboratory, in 
Buffalo. He became director of the 
laboratory in 1931 and held that posi- 
tion until 1943 when he was transferred 
to the New York office as research 
manager for the Linde laboratories at 
He was 
named vice-president research of 
Linde in 1951.) Dr. Dana directed the 
work that resulted in a safe and prac- 
tical method of distributing large ship- 
ments of liquefied oxygen and nitrogen. 

Mr. Swan has been with Union Car- 
bide since 1946 when he joined the re- 
search laboratories of Electro Metal- 
lurgical Co. at Niagara’ Falls. In 
1947 he was transferred to the New York 
offices of Electro Metallurgical Co. as a 
research engineer. He moved back to 
Niagara Falls in 1952 when he was ap- 
pointed assistant director of research 
for the laboratories and, in 1955, he 
was made director. Mr. Swan is the 


Tonawanda and Indianapolis. 


author of numerous papers in the fields 
of welding and metallurgy. He was 
graduated from Rensselaer Polytechnic 
Institute in 1940 with the degree of B.S. 
in) Metallurgical 
a member of the 


SOCIETY. 


Engineering, and is 
AMERICAN WELDING 


Purdy Named by Westinghouse 


The appointment of Fred J. Purdy 
to the newly created post of manager 
of marketing for the Westinghouse weld- 
ing department has been announced by 
R. C. Lipps, manager of the depart- 
ment. Mr. Purdy’s promotion from 
sales manager recognizes that market- 
ing responsibilities logically encompass 
the complete movement of product from 
production point to point of sale. His 
organization includes headquarters mar- 
keting personnel in Buffalo and a na- 
tion-wide field sales force. 

Mr. Purdy is a graduate of Bowdoin 
College; he also attended Harvard 
Jusiness School and Boston University 
Law School He has been with West- 
inghouse since 1944. Mr. Purdy is a 
member of the AmMerICAN WELDING 


SOCIETY 


Kurzinski Joins Air Products 


Edward F. Kurzinski has joined Air 
Products, Ine. of Allentown, Pa., as 
manager of sales development engineer- 
ing. He will assist both the ferrous and 
nonferrous metals industries, and other 
related industries, in their problems re- 
lating to the use of oxvgen and other in- 
dustrial gases. 

Mr. Kurzinski has made substantial 


contributions to oxygen application in 
open hearths, electric furnaces and 
pneumatic steelmaking techniques In- 
cluding decarbonization, combustion 
and desiliconization of hot metal. He 
also has developed various techniques 
for the desulfurization of ferrous metals 
primarily 


nitrogen-conveyved calcium 


carbide. He has several patents in the 
field of metallurgical processes and was 
previously Laboratory Division Head 


at the Linde Co. 


Fitzgerald Promoted by 
Alloy Rods 


John Fitzgerald has been promoted 
to the position of manager of field sales 
for Alloy Rods Co. KE. R. Walsh, U1 
vice-president in charge ol sales, In 
nouncing the newly created position, 
states that Mr. Fitzgerald will assist 


John Fitzgerald 


F. L. Blodgett, general sales manager 
in the administration of sales policies 
at the company’s branch offices and dis- 
tributor sales organization. 

Mr. Fitzgerald has been with Alloy 


Rods Co. for a number of vears and 


served in the capacity of field represent- 
ative at the company’s Pacifie coast 
sales offices and at the Newark, N. J 

branch. He 
perience with both distributor and con- 


has had considerable ex- 


sumer sales. 


Mr. Fitzgerald is a member of AWs. 


Bender Appointed by 
Blaw-Knox 
Michael Bender has bee n appointed 
metallurgist and welding engineer with 
Blaw-Knox Co.’s  Buflovak 
ment Division, Buffalo, N. Y 
In his new position he will develop 


quip- 


all division welding procedures, ad- 


vising and assisting the engineering, 


manufacturing, inspection sales 
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JUST OFF 
THE PRESS! 


A gold mine of information on 


& new Kodak the choice of x-ray films for 


Catalogue 


today’s radiographic inspection 
procedures. 


of Industrial 
Radiographic This 16-page booklet is far more than an ordinary catalogue. 


It lists and describes the latest Kodak X-ray Films and acces- 


materials and sories. It goes much further. It gives the characteristics of these 


accessories 


fast films and provides charts that aid you in selecting the 
correct film for various applications and sources of radiation. 

You may have this informative catalogue without charge. 
Just mail a card or the coupon with your request. O1 ask your 


Kodak Technical Representative or your Kodak X-ray dealer. 


EASTMAN KODAK COMPANY—X-ray Division—Rochester 4, N.Y. 


Get your free 
copy of this 
new book 


MAIL THIS 
COUPON 


NOVEMBER 1937 


eee 


Eastman Kodak Company 
X-ray Division 
Rox hester N Y 


Gentlemen: Please send your free new catalogue **Kodak 
he? 61-11 


Materials and Accessories for Industrial Radiography 


Name 
Street_ 
City_ be 
State. TRADEMARK 


For more details, circle No. 30 on Reader Information Card 
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Ss S-W- -S- departments on metallurgical and X-ray Dr. Langmuir was largely respon- 
JU T l H It over problems, welding techniques, material sible for the development of atomuc 
TORC and equipment. hydrogen welding permitting for the 

Before joining Blaw-Knox, Mr. Ben- first time, the easy welding of aluminun 


der was associated with Air Reduction and chromium and other hitherto 
Magic ] Knox Co.’s Equipment Division at extremely thin sheets ot 
chief inspector. He has also been as- 


es Co. He was formerly with Blaw- weldable metals and the 


Ligher”’ awnox, Pa., as a metallurgist and would be burned by other proc 
sociated with Pittsburgh-D =sMoines 
Steel Co. and Babeock and Wileox 


\ native of Pittsburgh . Bender 


“rene, | Ready to GO revives) his bachelors in metal 
lurgical engineering at the University 
en ANY and has attended the BULLETIN 
No More Flint Li hters Carnegie Institute of Technology school . 
g of industrial management. 


No More Open Flames Positions Vacant 
Speeds Up Production 


Costs LESS than 20¢ a month OBITUARY 


to use for complete new line of Precision 
TORCHIE has revolutionized Torch Lighting Cutting Machines. The applicant sel 
EVERYWHERE and once you test it, you'll Irving Langmuir must possess a high degree of 
never part with it. Just SWISH your Torch drive 
over oe ee on a Dr. Irving Langmuir, world-famous Send complete resume and sala 
ous never-failing light costs only ° scientist id at Falmo oon ‘ments to American Messer Corp. 405 

Get Your TORCHIE on 30 Days Trial from , died a Fa nouth, Mass., 

your Welding Supply Distributor I riday, Auge. 16, 1957 He was ih Lexington Ave., N. Y. 
years old V-348 Welding Engineer —tam 


 THERI The Nobel-prize winning scientist with all types of welding vil 
T ‘ hasis upon inert-gas welding, particu- 

often regarded as one of the sci mp } 
HERMAECO E lentil larly with earbon-dioxide shielding. Re- 


08 So. Del S LL geniuses of modern times, was on the 
t., 
' slanted staff of the General Electric Research 


Sales Director required to imiti 


manage nationwide distribution s 


quires knowledge of all types of welding 

power units. Promotional work. Submit 

PASADENA CALIFORNIA Laboratory from 1909 until his retire- complete résumé including past earning 
Circle No. 32 on Reader Information Card ment in 1950. power and present salary requirement 


METALLURGISTS 


Positions offering unusual professional growth opportuni 
ties with expanding Atomic Energy Division of long 
established manufacturer of power generating equipment 
Minimum requirements—degree plus experience in prac- 
tical metallurgy and fabrication of carbon and stainless 
steels. Knowledge of fuel element fabrication and or 
other metallurgical and fabricational applications peculiar 
to atomic power generation desirable but not essential 


(= 
Send resume and salary requirements to: 

ALCO PRODUCTS, ENC. 

Employee Services Department 
Schenectady 5, N. Y. 


ALL REPLIES KEPT CONFIDENTIAL 


Designed to carry the high currents necessary for intense heat, 


BBB Keen-Arc Carbons produce a fine-grained weld of high To supervise Flash Welding chain by automatic 
tensile strength. They give a smooth, steady “flowing” flame : . . 

; ipment of German and Swedish design. Excel- 
which does not wander and which is concentrated at the desired ns im meant G g 
focal point. Flame temperature is easily and accurately ad- 
justed by merely changing the ampere input, and heavy copper strict confidence. Salary open for negotiation. 
coating permits gripping at extreme ends—eliminates frequent 
and periodic resetting. Write and enclose resume or call 
A COMPLETE LINE OF CARBON WELDING SUPPLIES including carbon 
and graphite electrodes, carbon rods and plates, welding paste, etc. J F. Kestner 


Write for catalog. 
P. O. Box 350 Chester, Pa. 


BECKER BROTHERS CARBON CO. Phone Chester 3-9271 


3450 South 52nd Ave. Cicero 50. Illinois 


jent opportunity. All applications will be held in 


Circle No. 31 on Reader Information Card 
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SLOPE 
CONTROLLER 


for automatic 
tungsten inert gos 
welding; using 
Vickers standard 
drooping (not 
constant potential) 


| output welding 
power source. 
Linear—static— 
exclusive design. 


Controlare 


MAGNETIC AfAPLIFIER DC WELDER... INERT GAS 
WELDING 


AND ACCESSORIES CONTROL 
UNIT 


With or without timer 
adjustable pre-flow 
of inert gas and water. 


‘ 


INERT GAS 
SPOT WELDING 
TIMER UNIT | 


for TIG guns which i 
are high frequency 
started (Tungsten 
contact not required f 
for initiation). 
Timer calibrated for 


3 to 360 cycles. 
REMOTE HAND AND 
FOOT CONTROLS 


Many designs available 
for special applications. 


Maintains arc stability through the complete current range from ex- 
tremely low to extremely high without range switches 


@® Bends the volt-ampere curve to meet the particular welding job being a 
done. 


Full-range automatic arc control in any welding position. 


@ Strikes an arc without the use of high frequency when using inert gas - 
and tungsten on lowest currents. ty 
, @ Exclusive, patented Magnetic Amplifier combines fine control with 4“ 
ruggedness and durability. \ 
@ Exclusive, dual remote control equipment available . . . provides close 
control of current and voltage range. CONSTANT POTENTIAL ADAPTER UNIT 
» @ low spatter performance on special electrodes. Converts standard welder to constant potential 


power source for semi-automatic or automatic 
“TRADEMARK welding heads and guns. 

Write for complete information on this equipment and for other high quality — high 

performance welding machines under development. 


VICKERS INCORPORATED 
ELECTRIC PRODUCTS DIVISION 


welding. 


1853 LOCUST STREET +« SAINT LOUIS 3, MISSOURI 


For more details, circle No. 33 on Reader Information Card 
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Welding of Steel Castings 


The Steel Founders’ Society of Amer- 
ica announces that a manual entitled 
“Recommended Practice lor Re pair 
Welding and Fabrication Welding of 
Steel Castings” is now available 

This manual re places an earlier pub- 
lication entitled “Recommended Prae- 
tice for the Welding of Steel Castings” 
first issued by the Steel Founders’ 
Society in 1951 

The Steel Foundry Research Founda- 
tion sponsored and directed the neces- 
sary research for the preparation of the 
hew manual at Battelle Memorial In- 
stitute under the guidance of Charles 
W. Briggs, research director of the 
Steel Foundry Research Foundation. 
Publication, and subsequent distribu- 
tion, Was assigned to the Stee! Founders’ 
Society of America 

The 1957 manual incorporates the 
many developments in welding proce- 
dure since 1951 and features a compre- 
hensive listing of the AMerIcAN WeLp- 
ING Sociery Classified Mild Steel and 
Low Alloy trodes. 

Divided into three sections, the 
manual covers welding methods, elec- 
trodes and recommended welding proce- 
dures lor carbon stee] and low alloy 
castings with each general alloy series 
indexed for quick reference 

Copies are available at 50 cents each 
from the Steel Founders’ Society of 
America, 606 Terminal Tower Building, 
Cleveland 13, Ohio. 


Oxyacetylene Welding 


The role of the oxvacetvlene flame in 
speeding ship repair and fabrication 
work is described in a new. six-page 
booklet (Form 1102) pre pared by Linde 
Co., Division of Union Carbide Corp., 
30 Kk. 42nd St., New York 17, N. Y. 
Modern oxvacetvlene processes, such 
as flame-planing, rivet-busting, mech- 
anized shape-cutting and gouging are il- 
lustrated and described, along with ap- 
paratus requirements. 

For your free copy, circle No. 34 on 
Reader Information Card. 


Positioners 
Aronson Machine Co., Arcade. N. Y.. 


offers their new twelve-page bulletin 
No. TR57 featuring a variety of tank 
turning rolls, pipe rolls and rail ears 
for positioning cylindrical vessels for 
automatic welding. Complete specific 
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cations are given such as, diameter 
settings, speeds, tire sizes and tractive 
pull ratings for unbalanced vessels 
According to the manufacturer, the 
Aronson rolls have been designed to 
carry maximum loads at all speed set- 
tings and the speeds ean be controlled 


to within ipm. Heavy construc- 
tion and precision jig-drilled ways are 
featured on every type roll. The Aron- 
son rolls can handle vessels up to 600 
tons in any lengths 

For your free copy, circle No. 35 on 
Reader Information Card. 


Farm Welding 


For farms and farm implement sup- 
pliers, a new 28-page, illustrated “Farm 
Maintenance Welding Issue’ of the bi- 
weekly Technical Information Digest 
TIS 2837) has been published by the 
Technical Information Service, Eutectic 
Welding Alloys Corp., Flushing 5s, 
New York, N. Y. 

Primarily for the farm equipment re- 
pair shop, the booklet uses over 60 il- 
lustrations, many the before and after 
type, to show the wide range of tools 
and equipment economically salvaged 
with “low heat input” welding. 

According to the manufacturer, the 
issue treats practical repair problems, 
gives ideas on how to salvage rather 
than replace damaged or worn parts. 
Illustrations show scores of actual farm 
parts of cast and malleable iron, of 
mild to high alloy steels, and of alu- 
minum. These typify the unlimited 
number and types of parts that any 
farm repair shop can salvage to effect 
minimum downtime losses. 

For your free copy, circle No. 36 on 
Reader Information Card. 


Electrode Guide 


A new seventy-page “electrode pocket 
guide” (form ADC 650G) which econ- 
tains information of interest to those 
concerned with buying or using elee- 
trodes is now available from Air Reduce- 
tion Sales Co., a Division of Air Redue- 
tion Co., Ine., 150 E. 42nd St.. New 
York 17, N. Y. 

Among the features of the booklet is 
an electrode consumption calculator, 
in tabular form, which provides data 
for calculating consumption per linear 
foot in the welding of various types of 
joints. 

The guide describe s each Airco elec- 
trode, its color code, its application and 


New Literature 


the best procedure for its use in welding. 
Weld-metal chemical analyses and 
mechanical properties are fully  ex- 
plored. Such related information as 
the factors which determine electrode 
selection, industrial and government 
specications tor filler metals and test- 
ing of deposited weld metal is also dis- 
cussed. 

For your free copy, circle No. 37 « 
Reader Information Card. 


Copper Alloys 


The third quarter 1957 issue of the 
Ampco Welding News, published by the 
Weldrod Department of Ampco Metal 
Inc., 1745 S. 38th St., Milwaukee 46 
Wis., is now available for distribution. 

The lead story pertains to the weld- 
ing of Ampco Grade 18 (aluminum 
bronze) propeller shafts for the Mexiean 
shrimp boat fleet. 

Also featured is an interesting résumé 
of original research work involving the 
joining of 90-10) cupro-nickel with 
ECuAl-A2 and the inert-gas consum- 
able-electrode process. 

Other articles include the overlay of 
paper coating rolls; the reclamation of 
bronze pickling hooks; the Ampco- 
Facing of automobile molding dies: 
ete. 

For your free copy, circle No. 38 on 
teader Information Card. 


Resistance Welding 


Resistance Welder Corp., Bay City 
Mich., has issued a new pictorial bulletin 
number PTW 5701 press-type 
welders and tooling. 

This bulletin illustrates standard 
type press welders with examples of 
various types of special tooling for in- 
creasing production on small to medium 
size welded assemblies. 

For your free copy, circle No. 39 on 
Reader Information Card. 


Radiography Materials 


The complete line of Kodak industria] 
radiographic materials are illustrated 
and described in a new pamphlet, 
“Materials and Accessories for Indus- 
trial Radiography,” published by Fast- 
man Kodak Co., Rochester 4, N.Y. 

This booklet contains a guide chart 
for selection of Kodak film for various 
material thicknesses. 

Recommended development tech- 
niques are also listed in chart form com- 
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Allied designed and built air operated 
machine for drilling 20 holes simul- 
taneously in trailer floor. 


Really 


If it involves special equipment for a production 


Allied designed and built automatic over 


and under arc welder. Welds automo- 
tive frame X member. 


welding operation it may not be a problem at all— 


just an assignment when placed in competent hands. 


This is our kind of work — we specialize in it — 
do it every day; designing and building special 
machines for welding everything from bathtubs to 
trailers, frequently including provisions for 
automatic handling and transfer where the 
job is a part of a production line set-up. 


We're no brain trust here at Allied Welder, but we 
keep some awfully important production people 
happy with our creative designing and 
manufacturing know-how, delivery, too. 


Allied designed and built automatic two- 
stage resistance welder with transfer May we work with you on your next job? 


and turn over devices. Welds radiator 
support assembly. 


CORPORATION 


8700 BRANDT DEARBORN, MICHIGAN 


Creative 


Design 


Standard Special Automation Automatic Welding 
Welders Welders Equipment Arc Welders Guns 


For more details, circle No. 40 on Reader Information Card 
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paring the characteristics of Kodak In- 
dustrial X-Ray Film, Type M (extra 
Type AA 
(fine grain, high contrast); Type K 
(fast, direct exposure film); and Type 
high 


screens), 


fine grain and high contrast 


speed with fluorescent 


For your tree copy, Cure le No. fl on 
Reader Information Card. 


Number 77 of “Handy News,”” pub- 
lished by Handy & Harman, 82 Fulton 
St.. New York 3S, N. Y., contains a 2- 
page article entitled “The Honeycomb 
Sandwich,” a deseription of the high- 
temperature brazing alloys used in the 
manufacture of the Air Force bomber, 
the B 58. A page is also devoted to 
brazing making 
‘Ronson”’ lighters. 

For vour free copy, cire le No. 42 on 
Reader Information Card. 


procedure s used in 


Hard Surfacing 


A new booklet entitled 
“Haynes Hard-Facing Electrodes’ is 
now available from Haynes Stellite 
Co., Division of Union Carbide Corp., 30 
42nd St., New York 17, This 
booklet describes the chemical composi- 
tion, some properties, typical applica- 
tions, application procedures and pack- 


S-page 


aging for the 12 Haynes alloys that are 
These include 
eight iron-base alloys, three cobalt-base 
alloys and Havystellite cast tungsten 
carbide. 

For your free copy, circle No. 13 on 
Reader Information Card. 


available as electrodes. 


Memco News 


Volume 8, Issue 4 of ““Memco News,” 
is available from Miller Electric Mfg. 
Co., Appleton, Wis. Known as an 
the 28-page booklet 
welding’s role aircraft, 
rockets and missiles. Included is an 
article by Russell Meredith, North 
American Aviation, entitled ‘Develop- 
ment of the Inert Gas Are Welding 
The backgrounds of major 


“air age issue, 


examines 


Process.” 
aircraft companies are detailed, accom- 
panied by many photographs. As an 
added feature, an S-page insert with 
sketches of J. T. 
“Darius Green and His Flying Ma- 


Trow bridge's vem, 


chine,” is attached to each copy. 
For your free copy, circle No. 14 on 
Reader Information Card. 


Coatings 


Shieldalloy Corp., Newfield, N. J., 
announces the availability of an 1S-page 
brochure which lists the company’s 
regular line of metals and alloys to- 


AT THE FRONTIERS OF PROGRESS YOU'LL FIND 


FOR WELDING AND 
CUTTING... 


IN THE 
RED DRUM 


HIGHEST 
QUALITY 


DUST-FREE 


Write for the nome and address 


of the NATIONAL CARBIDE supplier nearest you. 


NATION 


National Carbide Company 


General Offices: 150 East 42nd Street, New York 17, N. Y. 


A DIVISION OF AIR REDUCTION COMPANY, 


INCORPORATED 


For more details, circle No. 49 on Reader Information Card 
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gether with their guaranteed and typical 
analyses. These products are the mas- 
ter alloys and pure metals produced by 
the firm for 
vacuum-melting applications. 

For your free copy, circle No. 45 on 
Reader Information card. 


commercial, air and 


Metal Cleaning 


The Wheelabrator Corporation, 600 
S. Byrkit St., Mishawaka, Ind., manu- 
facturers of airless blast equipment and 
steel abrasives, have published Vol. 17 
No. 4 of “Wheelabrator Digest,” a 16- 
page periodical, describing the use of air- 
less abrasive blast cleaning in various 
applications. 

For your free copy, circle No. 46 on 
Reader Information Card. 


Oxyacetylene Welding Torch 


The Oxweld W-47, an entirely new 
welding blowpipe capable of welding 
metal thicknesses from 2S-gage sheet 
to 3-in. plate is described in a new eight- 
page booklet available from Linde Co., 
Division of Union Carbide Corp. 

According to the manufacturer, a 
unique feature of new blowpipe is its 
ability to handle gas flows as low as 2 
cu ft per hr for precision welding, or 
total flows as high as 1500 cu ft per hr 
for heavy heating operations. Cutting 
attachments that quickly convert the 
new W-47 from welding and heating to 
flame cutting on all metal thicknesses 
up to 8-in. are also described. 

Complete information and perform- 
ance data on welding heads and cut- 
ting nozzles is also included in the new 
folder. 

For vour free copy, circle No. 47 on 
Reader Information Card. 


Resistance Welding 


The Taylor-Winfield Corp., of War- 
ren, Ohio, announce the availability of 
their latest issue, No. 578, of ‘‘Weld-It.”’ 
Featured are articles on the application 
of resistance welding in the automotive 
and munitions industries. 

In the latter case, mention is made of 
an article by Hussey and Betz which ap- 
peared in the August 1956 issue of TH 
WELDING JOURNAL. 

For your free copy of ‘‘Weld-It,” 
circle No. 48 on Reader Information 
Card. 


Electrode Holder 


The Lincoln Electric Co., Cleveland 
17, Ohio, have issued a 4-page folder in 
color which describes their “‘Cooltong”’ 
fully insulated electrode holder. Ca- 
pable of handling 300- and 400-amp cur- 
rents, the holder was designed, accord- 
ing to the manufacturer, to remain cool 
under operation, to be light in weight, 
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to withstand rough treatment and_ to * 
maintain proper balance. 

For your free copy, circle No, 50 on 
Reader Information Card. 


Welding Problems 


A new eight-page illustrated ‘“Special- 
Loy” guide pamphlet (TIS 2S836A) is 
available from the Technical Informa- 
tion Service, Eutectic Welding Allovs 
Corp., Flushing 58, New York, N. ¥ 

The two-color folder explores prac- 


tical welding problems welders en- 


counter on all common base metals 
New methods are discussed of ‘“‘low-heat 
input” welding, brazing and soldering 


that ean sl} arply reduce the time dura- 
tion of a metal-joining job. 


Sample problems covered ith the 


“Special-Loy” guide include methods 


tor welding crack-sensitive and heat- 
treatable steels, how to fill, seal and 
build up heat-sensitive cast iron allovs 
and directions to take the ‘guess work”’ 
out of aluminum and magnesium join- 


ing. 
Other sections give time-saving hints 
on tool-tipping electrical work and 


similar precision jobs where heat con- 

trol and alloy flow control are critical. 
Special welder accessories and chem- 

ical aids that speed output by reducing 


daisy 


set-up and post-welding time ar 
described. In addition, more econom- 
ical techniques to hard surface and 
ease harden metals for longer produc- 
tive life, are treated. 

For your Iree copy, circle No. 51 on 
‘ard. 


feader Information 


REVIEWS 


OF NEW BOOKS 


Design of Machines 


Design of Machines, by Rolland T 
Hinkle, professor of mechanical engineer- 
ing, Michigan State University, cloth- ELECTRODE HOLDERS 
bound book. Price $4.00. ISS pages. — convert the total fluxed portion of 
Prentice-Hall, Ine., Englewood Cliffs electrodes into weld metal. 
4 2 and 3 the theory learned Reduce stub waste 0 the lowest 
in is possible. --which means 
sized and illustrated with design appli- DEPOSITED WELD METAL COSTS 
cations. Additional theory is pre sented You LESS, 15 to 20 percent less, when 

deposited with SHORTSTUBS! 


and much of it is applied in the 20 


short problems in Chapter 4. ¥ 
The long problems, presented in A Saving of $15.00 
im to $20.00 of every 
$100.00 spent for 
electrodes! 


Chapters 6 through 11, can be used for 
projects or broken down into shorter 


problems. Subjects covered in_ this 


lating convevor, thrustor brake, gear 

10232 S. AVENUE N 

CHICAGO 17, ILLINOIS 


Contact your focal distributor 


of non-uniform beam and manual lift 
truck. 

A 46-page appendix contains design 
data compiled in tabular and diagram- 
matic form. 


For more details, circle No. 52 on Reader Information Card 
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lron-Powder Electrode 


Hobart Brothe rs Co Troy Olt, 
announces a new iron powder electrode 
for k-6010 


the free are or drag te hiricque this 


requirements. Using 
electrode is said to vide a shallow 


rippled smoot! wel deposit in all 
positions, including vertical down 


‘Rock- 


et 10-IP” is suitable for applications 


According to the manufacturer 


requiring high tensile strength, ductility 
and X-ray quality such as high pressure 
mild steel piping, pipe lines, structural 
steel work, shipbuilding, and, in partic- 
ular, areas where out of position weld- 
ing is met. 

For more details, circle No. 53° on 
Reader Information Card 


Welding Flange 


Tech Products, Inc., 442 Mosel Ave., 
Staten Island 4, N. Y., have added a 
“Poin. heavy-duty presse d-steel” weld- 
ing flange to their standard line of 


flanges Additional heavy-duty sizes 


=>) 


ranging from 2' . through 4 in. will soon 
be available, 

Pressed-stee! welding flanges are pres- 
ently manufactured eight sizes 
from! through 2in. Also available in 
copper and stainless steel, they 
can reportedly be supplied to fit) the 
contour of the intended product. 
Thickness of material is from 10 gage 
through * in 

For further details, circle No. 54 on 
Reader Information Card. 


brass, 


Aluminum Bronze 
Ampco Metal, Ine 


has released a modified 


Milwaukee, Wis., 
Ampeo-Trode 
160 in spooled wire form for joining and 
overlay with the inert-gas consumable- 
electrode process The modified wire 
conforms to AWS-ASTM. classification 
Cu Al-B. 

According to the 
Ampco-Trode 160 


manufacturer 
developing tensile 
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strengths up to LOO,Q00) psi and hard- 
190-220 BHN —is 
mended for joining the higher strength, 
harder aluminum bronzes, such as 
Ampco Metal Grades 16, 1S and 20 

For more details, circle No. 55 on 
Reader Information Card 


nesses of reconm- 


Regulator 


Modern Engineering Co., 3411 Pine 
Blvd., St. Louis 3, Mo., has introduced 
a pressure-molded, multi-seat block for 
industrial regulators which reportedly 
prevents the loosening and falling out of 


seating material 


Bonnet 


Forged 


Compression 
Spring 


Diaphragm 
OUTLET 


Body 
Forged) 


Molded Seat 
“locked in” by 
fly-cut ring 


*Skin Surface” 
Undisturbed 


Not Machined) 
Patent Pending 


The manufacturer reports that ex- 
tended tests indicate that, under iden- 
tical working conditions, the new, pres- 
sure-molded, multi-seat blocks will as- 
sure an operational life equal to four 
times that to be eX cted from the con- 
ventional regulator employing single- 
seat design. 

For more details, cirele No. 56 on 
teader Information Card. 


Plastic Bubble 


A plastic bubble is helping the air- 
craft industry build better jet engines, 
according to a release from Bakelite 
Co., Division of Union Carbide Corp. 
Made of Krene cast vinyl plastic, it has 
helped solve the problem ol prov iding 
an easy-to-set-up, 
in which to weld titanium engine parts. 
This plastic is exceptionally tough and 
highly resistant to tearing. It is light 


inert-gas enclosure 


in weight and easy to fabricate by a 
variety of 
and flexible, it has a very low gas trans- 
mission rate. Used in a welding tent 
it simplifies the fabricating of such 
parts as a titanium compressor cause, 
shown here at Pratt & Whitney Air- 
eraft, Division of United Aircraft 
Corp., East Hartford, When 
titanium is welded in the presence ol 
oxygen, impurities occur at the joint. 
By filling the welding chamber with an 
inert gas, the possibility of producing 
welds without impurities is greatly im- 


techniques. Transpare nt 


Conn. 


proved. 
For more details, circle No. 57 on 
Reader Information Card. 


Cable Splicer 


A welding cable can be spliced with 
sound electrical efficiency in just two 
minutes with the new Tweco ball-point 
cable splicer, according to an announce- 
ment by Tweco Products, Inc., Wichita, 
Kan. 

The new Tweeo cable splicer, No 
BP-230, is made from a specially de- 
signed extrusion of high-conductivity 
aluminum. Two ® j¢-in. 
mium plated-steel ball-point screws are 
properly located at right angles to the 


diam cad- 
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Fabricating the “River Queen”, a 13-story high 
steel giant that weighs as much as a Navy de- 
stroyer, calls for the kind of engineering 
Bucyrus-Erie knows how to handle. One of the 
nation’s foremost designers and builders of 
power shovel equipment, Bucyrus-Erie used the 
latest welding techniques, tailoring each weld 
to resist the strains of the big machine as it bit 
off 80-ton chunks of mountain and dumped them 
300 feet away. 


Frame, boom, bucket and its other vital parts 
had to be rugged to withstand the 100,000-ton- 
per-day earth-moving pace for which the “River 
Queen” was designed. Electrodes were therefore 


How to Build 4%, Million Pounds 
of Power Shovel... 


For more details, circle No. 58 on Reader Information Card 


selected for their ability to produce sound, re- 
liable, impact-resistant welds. 

The task of selecting electrodes to meet the 
specific demands of any welding job even as com- 
plex as the “River Queen” has been simplified in 
a new 24-page “Electrode Selector” prepared by 
Metal & Thermit. Welders, designers, specifica- 
tions engineers, and purchasing men who use 
this guide, readily find the correct rod or wire 
for any particular welding application. Free cop- 
ies of this handy new tool for the welding trade 


are available from the 


METAL & THERMIT CORPORATION 
Rahway, New Jersey 


| 
: 


Independent Metal Products welds tank trailers 
from alloy 5154 at speeds up to 80 ipm. 


They're welding aluminum tank trailers 
at speeds up to 8O” per minute! 


Alcoa’s 5154 alloy is going over big with trailer 
builders such as Independent Metal Products Di- 
vision of Fruehauf 
Trailer Company. 
It has good form- 
ing characteristics 
combined with great strength and ductility in welded 
sections. Moreover, it can be welded at speeds up 
to 80 inches per minute by the inert-gas shielded 
arc consumable-electrode welding method. 


Production welds of alloy 5154, using parent alloy 
for filler wire, have excellent ductility .. . 39°, 
elongation in the weld metal when a joint is bent 
until it fails. 

With these improvements, aluminum tank trucks 
make substantial weight savings—savings that are 
turned into extra payload profit. At the same time, 
tank shell strength is increased . . . and accident 
damage is reduced. Aluminum tanks absorb sub- 
stantial! distortion without cracking or weld failure. 
One large tank truck operator says: 


“In actual operating conditions—5,175,000 miles 
—our aluminum tanks have proved to be safer 


than tanks constructed of steel, particularly > 
resistance to rupture on overturn.” 


Alcoa” is headquarters for fresh, exciting ideas on 
how to weld, braze or solder aluminum. Get in 
touch with us. Where? See information at right. 


* * * 


Learn how easy it is to weld, braze or solder aluminum. 
Write for free, informative books and films. Aluminum 
Company of America, 17/!-L Alcoa Building, Pitts- 
burgh 19, Pa. 


A+ NEW! “ALCOA THEATRE” 
Gs EXCITING ADVENTURE 


ALTERNATE MONDAY EVENIN 


Your Guide to the Best 
in Aluminum Value 


For more details, circle No. 59 on Reader Information Card 


1148 


THe WELDING JOURNAL 


‘ 
4, 
\ 
\ 
“ie 
we cnost 
a 
“ALUMING 


Want technical help in welding 
Contact 


aluminum ? 


dering 


office, “Alu 


listed under 


brazing or sol- 
Alcoa 
in the 


sales 
Yellow 


your 


minum” 


Pages of your phone book. 


For 


products, call your Alcoa 


immediate 


carries a complete range 


ALABAMA 
Birmingham 
Hinkle Supply Co 
CALIFORNIA 
Los Angeles 
Ducommun Metals & 
Supply Co. 
Pacific Metals 
Company, Ltd. 
San Francisco 
Pacific Metals 
Company, Ltd. 
COLORADO 
Denver 
Metal Goods Corp. 
FLORIDA 
Jacksonville 
J. M. Tull Metal & 
Supply Co., Inc. 
Miami 
J. M. Tull Metal & 
Supply Co., Inc. 
Tampa 
J. M. Tull Metal & 
Supply Co., Inc. 
GEORGIA 
Atlanta 
J. M. Tull Metal & 
Supply Co., Inc. 
Southern Oxygen Co. 
ILLINOIS 
Chicago 
Machinery & Welder 
Corp. 
Steel Sales Corp. 
Moline 
Machinery & Welder 
Corp. 
KENTUCKY 
Louisville 
Wilkams and Co., Inc. 
LOUISIANA 
New Orleans 
Metal Goods Corp. 
MARYLAND 
Baltimore 
Southern Oxygen Co. 
Whitehead Metal 
Products Co., Inc. 
Bladensburg 
Southern Oxygen Co. 
Salisbury 
Southern Oxygen Co. 
MASSACHUSETTS 
Cambridge 
Whitehead Metal 
Products Co., Inc. 
MICHIGAN 
Detroit 
Steel Sales Corp. 
MISSOURI 
Kansas City 
Metal Goods Corp. 
St. Louis 
Metal Goods Corp. 
NEW HAMPSHIRE 
Nashua 
Edgcomb Steel of 
New England, Inc. 
NEW JERSEY 
Harrison 
Whitehead Metal 
Products Co., Inc. 
Merchantville 
Southern Oxygen Co. 
Vineland 
Southern Oxygen Co. 
NEW YORK 
Albany 
Whitehead Metal 
Products Co., Inc. 
Buffalo 
Whitehead Metal 
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delivery of 


Alcoa 
outlet listed below 


welding 
He 
of alloys and sizes 

Products Co., Inc. 
New York 


Southern Oxygen Co. 


Whitehead Metal 

Products Co., Inc 
Syracuse 

Brace-Mueller- 

Huntley, Inc. 

Whitehead Metol 

Products Co., Inc. 
NORTH CAROLINA 
Asheville 

Southern Oxygen Co 
Charlotte 

Southern Oxygen Co. 
Greensboro 

Southern Oxygen Co. 
Raleigh 


Southern Oxygen Co. 


OHIO 
Cincinnati 

Williams and Co , Inc. 
Cleveland 

Nottingham Steel & 

Aluminum Co 

Williams and Co., Inc. 
Columbus 

Williams and Co., Inc. 
Toledo 

Williams and Co., Inc. 
OKLAHOMA 
Tulsa 

Metal Goods Corp. 
OREGON 
Portland 

Pacific Metal Co. 
PENNSYLVANIA 
Philadelphia 

Edgcomb Steel Co. 

Southern Oxygen Co. 

Whitehead Metal 

Products Co., Inc. 
Pittsburgh 

Williams and Co., Inc. 
York 

Southern Oxygen Co. 
TENNESSEE 
Kingsport 

Southern Oxygen Co 
Knoxville 

Southern Oxygen Co 
TEXAS 
Dallas 

Metal Goods Corp. 
Houston 

Metal Goods Corp. 
UTAH 
Salt Lake City 

Pacific Metals 

Company, Ltd. 
VIRGINIA 
Arlington 


Southern Oxygen Co. 


Charlottesville 


Southern Oxygen Co. 


Lynchburg 


Southern Oxygen Co. 


Norfolk 

Southern Oxygen Co. 
Richmond 

Southern Oxygen Co. 
Roanoke 


Southern Oxygen Co. 


WASHINGTON 
Seattle 

Pacific Metal Co. 
WEST VIRGINIA 
Bluefield 


Southern Oxygen Co. 


WISCONSIN 

Milwaukee 
Machinery & Welder 
Corp. 


sockets will ae- 


3.0 aluminun Re 


-in. hex drive 
h reportedly tightens the screws 


treme! 


dous pressure. The bur- 


action of the ball-point screw 
the cable 


an metal-to-n 
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Surfacing Spray Powders 


Hi-C 
developed by 
Vineland 
lor 


rjesurf ing 
rlacing 


yen- 
including 


farm tools, 


nutomotive 
powders 
of the Rock- 


ordering the 


Hi-C 


ronments 


ited by 

1h 
Dbrasioh or acids, 
l turer, more 
strength is re- 

proximately 70% 
powders are 

aun be sprayed 
f guns and applied 
ils with melting 


No. 62. on 


Bronze Welding Rod 


The Wi 
Net [ne 


addition of a wi choice of timers and 


remote controls manual and auto- 


matic metalli nd inert-gas operation, 


including nert-gas spot welding 


The Gold Star 300) Series line of 1b 


hines stems from four basic models 


welding 


125, 4-550 and 


eh offer a-« range 


as optional producing 


Star 300 


\ lable 
the Gold 
1 different processes 
binet: a-c metal! 
a-c inert gas 


sutomati 
inert is 


Products 


rT t 
O00 


= SU 


formation 


Department of Ampco 
Milwaukee 
hye ivailability ot 


st 
W-luming, man- 
road 4s 
inulaucturer, Amp- 
eptional 
elding steel, cast 


service 


and copper- 
to overlaying 


and corre s1ON- 


said to pro- 
de- 


action 


free-flowing 
nt tinning 
gh-strength joints 
Overlay deposit 
110 BHN (500 kg). 
onforms to AWS- 
R Cu Zn €:-B 
Federal QQ-R-571a, 
iss FS-R-Cu Zn 3, Amend. 1. 
No. 


ira 


63 on 


cable sockets. Thess For more details, circle No. 61 on 
cept No. 2 th h No, oration Card 
or ¢o 
Mi 
removes Spl i@rs Has bre 
_ strands allowing a | Wester Carbide Corp 
contact. Each tiny strand is held un- Ave., North Hol ood 3 
der pam resulting in maxi- el itions 
mum conductivity. A heavy wall fibre ton draulic equipment, 
sleeve covers the splice for maximum a 
The manufacturer reports that its - 
to sta tight ind mamtain ts a 
electricn nas Pe en ror’ en 
by over two vears of field use undet 
For more details, circle No. 60° o1 
Reader Infor tion Card ; 
A-C, D-C Welders i 
The Miller Electrie Mfg. Co., hh 2 
Appleton, Wis ounces the develoy 
welder for mert-gus nd metallic-ar eart lipment, 
processes The 1 
Designated the Miller Gold Star 300 ort ermit selection 
Series, this machine in extensive field ell Chardness required b) =o 
testing has “demonstrated a marked 
superiority ovel electrical con- > ire ¢ earl 
ever before built,” a to extend 
ler engineers of high temperatul 
al control circuit: permits \ ng to the 4 
it 1400 | Hi-¢ 
Wr nickel-base ovs 
nts above IS50° F. 
~— 
— Reader I rmation Card 
4 
174 
ganese-bronz 
Ampco-Braz 2 
According to the 
ma resistant surtaces 
Ay o-Braz is als 
amperages of 2-300, ide sm 
17-750 posits 
Conversion kit 
equipment winpt Ip t 
to anv one of seve hardness ' 
from the one Ampco 
arc: d-c met illi ASTM ci 
imert) gas Cu Zn-A 
d-e inert gas. manual: d-« 1. 
iutomatic: and d-c inert gas, spot wel- For me 
Re ier In 
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Danny says: 
“Airco’s complete 
line of stainless 
Steel electrodes 

eliminates 
guesswork” 


Airco provides me with a stainless 
steel electrode with a deposit to match 
the base metal of any item to be 
welded. I don’t guess —I select! The 
AC-DC coated electrode is the favor- 
ite with most operators. The are action 
is smooth. The bead looks exception- 
ally good and slag is easy to remove. 
Why not send for the free Airco Elec- 
trode Guide which will help you 
select the right electrode for your 
specific job. Request catalog 1318. 


® 
Air REDUCTION 
Sates COMPANY 


A Division of 
Air Reduction Company, Incorporated 
150 East 42nd Street, New York 17, N. Y. 
Circle No. 64 on Reader Information Card 
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Handling Equipment 


intro- 


Harper Steel & Supply, Ine., 
Wichita, Kan., 
duced four different designs of all- 
welded handling trucks. The “Uni- 
Handle” series of evlinder trucks uses 
a new single column support for light 
weight, strength and low This 


Sox 35, have 


cost. 


series handles small and medium cylin- 
ders. The continuous handle or dual 
handle design is used on the trueks 
handling the medium and large eylin- 
ders. The manufacturer states that 
six models of industrial hand trucks are 
available, handling loads from 300 to 
800 Ib with ease and safety. A truck in 
the Harper Line is the “Wheel'N Reel 
Truck” designed to move reels of weld- 
ing cable, electrical wire, hose and wire 
line. The entire line of Harper Trucks 
all-welded Harper 
Trucks are distributed by welding sup- 
ply distributors. 

For free catalog and price list, circle 
No. 65 on Reader Information Card. 


is ot design. 


200-Amp Welder 


The Lincoln Electric Co., Cleveland, 
Ohio, announces a new model of its 
6090, 200-amp, gasoline engine-driven 
portable are welder. The new welder, 
called the K-6090, is NEMA rated 200 
amp at 40 v and 60°7% duty evele, has 
dual controls for the generator output, 
an electrical outlet providing 1 kw of 
auxiliary d-¢ power, an idling device 
and is powered by n 36-hp water-cooled 
engine, 

According to the manufacturer, 
controls on the new model K-6090 in- 
clude a five-step selective current con- 
trol and 
which also provides fine adjustments in 
the current. The ranges of the steps on 
the selective current control overlap, so 
that it is possible to obtain either a high 


a continuous voltage control 


New Products 


or a low open circuit voltage for any 
current, thereby selecting the type of 
arc most appropriate for the work. The 
auxiliary power is 115 volt, de, which 
may be used for power tools or lighting. 
Welding controls, auxiliary power out- 
let, and wing-nut output terminals for 
the welding cable are externally 
mounted and readily accessible. 

For more details, circle No. 66° on 
teader Information Card. 


Angular Torch Head 


The new angular machine-torch adapt- 
er now being marketed by Air Reduc- 
tion Sales Co., A Division of Air Reduc- 
tion Co. Ine., 150 FE. 42nd St., New York 
17, N. Y., is adjustable through the 
wide range of 250°. Beeause of the 
versatility of the unit, it replaces their 
entire line of fixed angular heads. 


According to the manufacturer, the 
cutting angle can be set without tools, 
and without removing the accessory 
from the torch. Any required angle can 
be set between 0 and 90 deg either side 
of vertical, and within an additional 
35 deg above horizontal. Both sides of 
the body bear indexing marks in incre- 
ments of 5 deg. 

The angular 
standard Airco acety lene, propane and 
natural-gas tips, and is designed for serv- 
ice with the Airco Style 4700 machine 
cutting torch. 

For more details, circle No. 67 on 
Reader Information Card. 
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welders prefer 
Electro 


Eastesr TO USE—easiest to get —wid- 
est range of applications—these are the 
important reasons why more welders use 
Sylvania Tungsten Electrodes than any 
other brand. 

It makes sense to use the brand that’s 
packaged for easy handling and color- 
coded for positive identification to reduce 
shop errors. These important Sylvania 
extras keep electrodes in good condition 
until you’re ready to use them, let you 
maintain identification through repeated 


TUNGSTEN + MOLYBDENUM + CHEMI( 


- Color-Coded 

ctive Package 

-The Only Complete Line 

- Available Through All Leading Distributors 


re-uses until electrodes are consumed. 

The complete line of Sylvania Elec- 
trodes includes 2°, thoriated, 1‘; thori- 
ated, Puretung", and Zirtung" to cover 
practically every welding job that comes 
up. And, for ready availability, Sylvania 
Electrodes are handled by all leading 
distributors. 

If you’re not now using Sylvania Elec- 
trodes, it will pay you to place an order 
with your distributor today. 


‘ALS PHOSPHORS SEMICONDUCTORS 


SYLVANIA ELEcTRIC Propucts INc. 


Chemical and Metallurgical Division 


LIGHTING e RADIO e ELECTRONICS e TELEVISION « METALS & CHEMICALS 
For more details, circle No. 68 on Reader Information Card 
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A-C Transformer 

new triple rated a-¢ 
are welder for operation on single 
les, 230-\ 


Hobart 


transiormer- 
type 
phase, 60 input is an- 
nounced by Brothers Co., 
Troy, Ohio. 

Output of this new welder at 30 volts is 
295 ump on 2067 duty evele, 250 amp on 
30%, evele and 200 amp on 50% 
duty The transformer is the “Di- 
verter Path” tvpe with magnetic control 


duty 
evel 


for maximum efficiency, safety and silent 
operation 
According to the manufacturer, the 


provide five main steps of 


|-2-3-4-5) for use in 


controls 
course adjustment 
as well as 


all conventional a-e welding, 


for certain inert-gas welding applica- 


tions. Four additional steps are pro- 
vided (A-B-C-D) for use certain 
other inert-gas welding: also usable for 
conventional welding, but only with 


type electrodes and only for 
downhand welding. A rheostat in the 
eenter ol the 5 range wheel operates in 
each step to provide fine adjustment of 
possible an infinite 


the are, making 


number of welding settings. 


The welder is available with or with- 
out capacitors tor power tuctor correc- 
tion. The stationary unit is 32° 4 In. 


wide, 21 in. deep and net 


high, 21 in 


for welding» 
brazing » soldering 
stinning » cutting 


WELDER 


HOBARL 


Portable mounting is 


weight is 245 |b. 
optional. 

For more details, 
teader Information Card. 


Cable Plugs 


A quick means for attaching 
cables to lead cables is proy ided with 
the new “Tweco whip cable plug” just 


circle No. 70 on 


whip 


announced by Tweeo Products. Ine.. 
Wichita, Kan. 
The new “whip cable plug” is used 


in combination with the BP-230 Tweeo 


WEAR PROBLEM... 
INSIDE OR OUTSIDE. 


NO. 13 NICKEL SILVER 
BUILDUP ROD 


Users Report on Cams: “Using 
your No. 13 rod to build up such 
surfaces, we have had 3 to 5 
times the cam life.” 


Users Report on Wrist Pin Holes 
in 500-lb. Pistons: “No. 13 enabled 
successful repair where 200 degrees 
more heat would have spoiled 
everything. There was no warpage.” 


For Instruction Book on 62 alloys 
and fluxes write All-State Welding 
Alloys Co., Inc. White Plains, N. Y. 


ALL-STATE ALLOYS AND FLUXES 


\ij? REQUEST COMPLETE LIST OF THESE PRODUCTS FOR PROBLEM SOLUTIONS 


For more details, circle No. 69 on Reader Information Card 
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Cable Splicer. The “splicer” is ut- 
tached to the lead cable by the use of 
the ball-point principle. The 
“whip cable plug” is attached to the 


screw 


holder whip lead in the same manner. 
The two parts are connected by insert- 
ing the “whip cable plug” into the open 
end of the “cable splicer.” They are 
held tightly together by the ball-point 
which is driven down into the 
concave hollow of the male plug by a 
few turns of the wrench. 
The male plug is split which allows the 
ball-point the male 
plug securely inside the female recep- 
tacle of the splicer. The manufacturer 
states that the large area of contact, 
plus the extreme pressure of the serew, 
results in maximum electrical efficiency 
between these parts. A three-quarter 
turn of the ball-point screw will release 
the ‘“‘whip cable plug.”’ 
For more details, 
Reader Information Card. 


screw 


7 ‘prin. hex 


screw to wedge 


circle No. 71 on 


Flash Welder 


The Federal Machine & Welder Co., 
Warren, Ohio, 
designed to resistance flash weld worms 
to ends of automotive steering 
shafts. Both automatically 
fed from loading chutes, injected against 


announces a machine 


gear 


parts are 


a gage bar for correct weld position, and 
ejected after welding. Marking device 
for shaft and radial positioner for worm 
are incorporated in the automatic se- 
quence, According to the 
turer, safety feature stops continuous 
machine operation if part loading chutes 
become empty. The welder 
rates a 150-kva transformer. 
For more details, circle 
Reader Information Card. 
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Why it pays to specify Westinghouse 
IGNITRON TUBES, the‘“industry Standard” 


We invented and produced the 
first Ignitron tube. Since then, constant im- 
provements have maintained Westinghouse 
leadership in the Ignitron field—improvements 
that are today’s accepted industry standards: 


© Kovar seals to permit use of steel envelopes. 


© Improved Ignitors to insure accurate ignition. 


© Thermostatic control for overload protection 
and water savings. 


@ Stainless steel envelopes for corrosion-free 
long life. 


© Inner cylinder in direct contact with cooling 
water. 


The wide acceptance of Westinghouse Ignitron 
Tubes by the welding industry is proof of their 
superior quality and performance. It will pay 
you to use Westinghouse [gnitrons in both new 
and existing welding equipment. For your 
convenience they are readily available through 
Westinghouse Distributors everywhere. 


4 you CAN BE SURE...iF ITS 


Westin ghouse 


Electronic Tube Division + Elmira, N. Y. 


For more details, circle No. 73 on Reader Information Card 
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GRADE B-171 


POWDER 


STEEL, 


HARD-FACING 


ELECTRODES 


FASTER OPERATION 


PLASTIC 
METALS 


Circle No. 74 on Reader Information Card 
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Ultrasonic Testing 


A portable, battery-operated ultra- 
sonic thickness-measuring unit has re- 


cently been perfected by Magnaflux 


Corp., 7300 W. Lawrence Ave., Chicago 
31, Ill. The Sonizon SO-200 locates 


areas of corrosion or wear on storage 
tanks, pipes, ship hulls, airplane wing 
skins, drier rolls and other structures 
and products accessible from one side 
only. During manufacture, thickness 
can be measured, and laminations and 
lack of bond between materials can 
also be detected. 

The manufacturer discloses that with 
means for reading ultrasonic- 


Welding Engineer 


Duties— Working with AWS techni- 
cal committees in gathering and cor- 
relating technical data; preparing 
minutes, reports and other records of 
committee activities 

Qualifieations— Ability to work 
with technical men at all levels in a 
cooperative manner. degree in 
engineering, any branch. At least 
three years experience in engineering 
work, preferably in welding or allied 
fields. 

Write Technical Secretary, Ameri- 
can Welding Society, 33 W. 39th 


thickness measure, the SO-200 is fast, 
positive and simple to operate. In ef- 
fect, it gives direct readings of thick- 
ness. 

The SO-200 reportedly 
warm-up time. It measures with an 
accuracy of +3° on thicknesses be- 
tween 0.027 and 4 in., and works on 
practically all materials which will trans- 
mit ultrasonic sound. 

Other specifications are: unit weight, 
31/, lb size, 9x S x 9 in.; battery case 


requires ho 


weight, Ib. 
For more details, circle No. SO on 
Reader Information Card. 
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YOU ARE, IF , 
You SCRAP 
SPILLED AND er 


FUSED FLUX!\) 


When you discard spilled and fused flux, 
you're throwing profits to the wind. A large 


automotive plant solved this problem by in- 
stalling the Simplicity Flux Reclaim Unit, and 
saving $5,000 a month salvaging used flux. 


Sound good? It should, if your plant is 

equipped with submerged arc welders. The y) 
Simplicity Flux Reclaimer is designed to crush |S ies 

used flux, remove metal particles, dust and 


fines, and give you refined flux ready for 
re-use. Mixed in proper ratio with new flux 


(depending upon type of work) welds are 


obtained equal to those made with new flux. 


Equipped with a two surface vibrating feed- 


er, bucket elevator, double deck vibrating 
screen, 15’ x 9” crusher and two magnetic- 
pulleys, the Simplicity Flux Reclaimer will 


more than pay its own way. 


Complete installation drawings and prices of 
these SIMPLICITY units may be had by writing 
directly to the factory . . . a logical first step 
in determining ALL the money-saving possi- 


bilities these machines may hold for you. 


View of 12” x 4'9” two surface oscillating 
feeder, showing side discharge for removing 
scrap, metal particles and other foreign 
objects. 


SALES REPRESENTATIVES IN ALL 
PARTS OF THE U.S.A. 

FOR CANADA: Simplicity Materials 
Handling Limited, Guelph, Ontario 
FOR EXPORT: Brown and Sites, 

50 Church Street, New York 7, N. Y 


TRADE ARK REGISTERED 


mplicity 


ENGINEERING COMPANY * DURAND 23, MICHIGAN 


For more details, circle No. 75 on Reader Information Card 
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THROWING MONEY AWAY? 
G- 

~ 

} 

195 
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Sixty-three different compositions enable you to determine 
and control working temperatures from 113° to 2000° F. 

TEMPILSTIK® marks on workpiece “say when” by 
melting at stated temperatures — plus or minus 1%. 


ALSO AVAILABLE IN LIQUID AND PELLET FORM . . WRITE 
‘“*‘WELDING SALES’’ DEPT. FOR SAMPLE TEMPIL‘ 
PELLETS . . . STATE TEMPERATURES OF INTEREST—PLEASE! 


Available in 
these Temperatures (F.) 


113 375 1000 
125 388 1050 
138 400 1100 
150 413 1150 
163 425 1200 
175 438 1250 
188 450 1300 

463 1350 
213 475 1400 
225 488 1450 
238 500 1500 
250 550 1550 
263 600 1600 
275 650 1650 
288 700 1700 
300 750 1750 
313 800 1800 
325 850 1850 
338 900 1900 
350 950 1950 
363 2000 


agO 
Temptl corporation 132 WEST 22ND STREET, NEW YORK 11,N. Y. 


For more details, circle No. 76 on Reader Information Card 
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new service 
for Welding Journal readers: 
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TITLE 
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ADDRESS 


CITY & ZONE 


Free Information « Free Literature 
“Yours for the Asking” 


Now, with just one postcard, you can gather all 


FIRST CLASS 
PERMIT NO. 9286 
NEW YORK, N. Y. 


the literature offered in the Journal. Just follow 


these simple steps for quick action: 


Note reference number on text pages and 
advertisements. 


Circle the corresponding number on one of 
the facing reply cards. (Keep other card for 
future use if desired.) 


Please print name and address legibly. 


Detach card and mail. No postage necessary. 


The Welding Journal 
33 West 39th Street 
New York 18, N. Y. 


The Journal and its Advertisers 
appreciate your interest 


Business Reply Card 
No postage necessary if mailed in the United States 
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DIFFUSION PHENOMENA 


IN 


PRESSURE WELDING 


Weld interface in pressure-welded copper-brass 


specimens studied to determine the diffusion processes 


that occur during subsequent heating 


BY A. G. GUY AND A. L. EISS 


ABSTRACT. A study was made of the pres- 
sure welding of ‘“‘sandwich 
of the diffusion processes that occur during 
subsequent heating of these 
Conventional wire markers were unneces- 
sary since impurity particles at the weld 
interfaces served this purpose. Sandwich 
specimens were made using several com- 
binations of copper and brass, various 
surface preparations, welding pressures 
and welding te mperatures me veral char- 
acteristics of the weld interfaces wert 
studied such as width, straightness, and 
parallelism. Welded specimens were given 
diffusion heat treatments under various 
conditions to obtain information on the 
transport of zine along the weld interface 
“Extra” interfaces were observed in many 


of the specimens 


specimens and 


specimens 


Introduction 


The accuracy ol data on diffusion in 
metals has in general been poorer than 
one would expect trom a consideration 
of the 
volved. 


laboratory manipulations —in- 
In the case of self-diffusion it 
recognized that 


the source of the 


has been svstematk 


errors wert lack of 


agreement among various Investigators 


A. G. Guy is profs 

ing, School of 

neering, ¢ 

vette, Ind 

vania-Corning clear 

Long Island, N. ¥ forn 

of America Fellow, School of Cher 
lurgieal Engineering, Purdue Univer 
vette, Ind 


ed on a thesis | L. Eiss 


of the degree 


Engineering 


This research ippor 5 e United 
States Air Force f cientifie search of 
the Air Research anc velor 


pment ommand 
under Contract No 18(600) 1463 


NOVEMBER 1957 


ind consistent values for 
Tusion coeflicient for silver now 
heen obtained by several laboratories 
Diffusion in substitutional solid 
solutions and interstitial solid solu- 
tions can now measured with suf- 
herent accuracy to jJustily attempts at 
formulating a detailed theory of dif- 

The situation is not so satisfactory 
in those instances of diffusion in which 
a Kirkendall shift can be observed 
The task of measuring diffusion coef- 
ficients is then complicated by such 
factors as sharp concentration gradients 
plastic deformation and void formation, 
so it is not surprising that the agreement 
among various investigators is generally 
poor. In this laboratorv an attempt 
is being made to find the possible sys- 
tematic errors in this type ol diffusion 
measurement. Th present paper Is 4 


report on the weld interface. which 
javs a crucial role in the determination 


of the- Kirkendall shift during a dif- 
fusion experiment 


Conventional sandwi h-tv pe” Speci- 


These 


consisted ora we lded isst mbly ol three 


mens were used in the research 


disks, each made from one-inch diameter 
bar stock: the 
copper) was '/, in. high, and the upper 


centel disk rene rally 


and lower disks (generally brass) were 
each gs In high The specimens are 
described more fully below, but it is 
important to consider first the nature of 


the two interfaces copper to brass) in 
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imen and the 
uirking these 


ud of the use 
was made by 
Although the ‘“‘foil 
commended has 
adopted by other 
procedure of using 
re to mark the 
Is idely em- 


including 
ad noted that ad- 
remained at the 
so might perform 
markers. In fact, 


gators 


s° in their discussion 
da Silva and Mehl, 
presented photomicrograph of a 
which the 
interlace was re- 


copper-nickel couple — in 
electropolishing even though 

men had undergone prolonged, 

mperature ditusion, 

ce the impurity particles are very 
small compared to a wire marker, they 
ecision with which the 
interface can be measured. Also, they 
have the advantage of revealing the 
length of the interface, rather 
isolated points along it. 


increase the 


entire 
th mere. 
A further advantage 


rkers is the increased precision 


in dispensing with 
wire ma 
that is possible in fabricating the sand- 
wich specimen since the heavy loading 
to preset the wires can be eliminated. 
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Table 1—Analysis of Alloys 


Alloy 
OFHC copper 49 
Klectrolytie tough-piteh copper gO 4 
80/20 brass SO 
70/30 brass 69 7 


Composition 


Ph Fe Zn 
0 005 0 005 0 005 balance 
0.07 0.05 balance 


The disadvantage of relying on ad- 
ventitious impurities to mark the inter- 
face has been their elusive nature 
The usual experience in this regard was 
that the interface could be located 
relatively easily after welding, but ip 
many specimens it would apparently 
have vanished after a diffusion treat- 
ment. Studies of specimen preparation, 
carned out on copper a brass couples, 
demonstrated that the difficulty was 
largely one of appropriate metallo- 
graphic ter hnique Diffused specimens 
were chosen that failed to reveal the 
weld interfaces both in the unetched 
condition and after ordinary etching 
with HLO-NH,OH solution or after 
electrolytic etching with an orthophos- 
phorie acid solution The interfaces 
on these specimens were easily revealed 
by electropolishing using a solution of 
3 parts orthophosphoriv acid and 5 
parts water or by chemical polishing ut 
SO° C using | part glacial acetic acid, 
1 part orthophosphoric acid, and 2 parts 


nitric acid 
Experimental Procedure and Results 

The alpha copper-zine alloys were 
chosen for this study because of the 
extensive previous work that had been 
done on this system. The analyses 
of the commercially extruded rod alloys 
that were used are given in Table 1. 
Generally the disks were annealed 
before being welded, but control OX ri- 
ments with the harder as-received 
material gave identical results. The 
types of welded sandwiches that were 
studied are listed in Table 2. The 
preparation and welding of the sand- 
wiches will now be deseribed 

Since it is desirable that an interface 
for diffusion measurements be plane 
and paralle! to the companion intertace, 
special care was exercised in the prepara- 
tion of the surfaces of the coppel and 
brass disks. Two characteristics of 
the surfaces were of special interest: 
(1) the flatness of each surface, and (2) 
the degree of parallelism of the two 
surfaces of each disk, espe inlly the 
center disk. 

It was found that a suitably flat 
surface could be obtained, without 
objectionable rounding at the edges, 
by mounting the disk to be polished in 
a special holder that had the effect of 
placing a protective edge around the 
specimen, This steel collet-ty pe device 
s shown in Fig. 1. The mounted 
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disk was hand-polished on metallo- 
graphic papers of successively finer 
grit, Nos. | through 4/0. examination 
of representative polished surfaces using 
an optical flat showed that the departure 
from flatness was about 0.00005 in. 


Fig. 1 Special collet-type holder 
used in polishing copper and brass 
disks 


The best tolerance on parallelism of 
the opposite surfaces that it seemed 
+ O0.0001-in. 
variation in height of a disk This pre- 


feasible to achieve was 


cision Was easier to reach if the finish- 
machining operation previously 
left the height constant to nearly this 
degree. Judicious mounting of the disk 
in the special holder could then result 
in a reduction in the variation in height 
during the polishing operation. The 
height of each disk was measured to 
0.0001 in. using a calibrated microme- 
ter caliper. Also, after the disks were 
assembled in sandwich form a measure- 
ment was taken of the height of this 
assembly. 

Two methods of surface preparation 
were employed as a preparation for 
welding; (1) mechanical polishing, and 
2) mechanical polishing followed by 
etching. In the first method, which was 
used on the majority of the specimens, 
special precautions were observed in an 
effort to maintain uniform cleanliness of 
the surfaces. For example, the polishing 
of these surfaces was done only a few 
hours before welding, and the surfaces 
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were cleaned with alcohol just before 
being assembled in the welding appara- 
tus. Inthe second method the polished 
surface was etched for 5 sec by swabbing 
with cotton dipped in a solution of | part 
nitric acid and 3 parts water. Staining 
was prevented by immediate rinsing 
with hot water and drying in an au 
blast. 

Welding was done in the specia! ap- 
paratus sketched in Fig. 2. The follow- 
ing features were stressed in the design 
and construction of this apparatus: 

1. Avxiality of loading of the speci- 
men was assured by careful alignment 
of the various loading members. Also 
the top member was adjusted on the 
three supporting rods so that it was ac- 
curately parallel to the base prior to the 
gradual application of the load. The 
load was applied through three cali- 
brated springs and, at the end of an ex- 
periment, the final load could be deter- 
mined by observing the tension remain- 
ing in the springs. In all of the runs 
tabulated here the load was essentially 
unchanged, 

2. Satisfactory alignment of the 
three disks in a sandwich was attained 
by having the specimen exposed to view 
until after the load had been applied 
A furnace was then assembled around 
the specimen. The furnace consisted of 
two split heating elements 4 in. high 
and 1!/, in. in diam, top and_bot- 
tom Lava plates, and nickel-foil radia- 
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Fig. 2. Sketch of the apparatus used 
in welding the sandwich specimens 
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a 
Fig. 3. Photomicrographs of typical interfaces in welded sandwich specimens. (a) A fine interface in specimen 55; (b) an 


average interface in specimen 51. 


tion shielding that was fed into spiral 
grooves in the Lava plates. 
3 A good vacuum or an uncontami- 
nated protective atmosphere was made 
possible through the use of furnace ma- 
terials that could be easily outgassed. 
The nickel radiation shielding was far 
superior in this respect to conventional 
furnace insulation, and Lava was found 
to be suitable also for thermally insulat- 
ing the sandwich from the members of 
the compression column 

The apparatus was 
placed under a cylindrical steel bell 
jar to permit operation in vacuum or in 
it protective atmosphere. Thermocouple 
wires lor a temperature controller and 


entire welding 


X 500. Unetched 


for a measuring potentiometer were in- 
troduced into the bell jar by 
through seals in the base on which the 
To avoid disturbing the 


lead- 


bell jar rested. 
vacuum connections in these seals the 
wires passing through them were fas- 
tened permanently to terminal 
blocks, one inside the bell jar and one 
outside. Thermocouple connections 
were then made at these terminal blocks. 
After a specimen had been mounted in 
the welding apparatus, a vacuum of 
about 50 microns was drawn and the fur- 
nace was heated to about 500° F for 10 
min to outgas the system. During the 
latter part of this time, the system was 
flushed with dry, purified forming gas 


two 


(10°, hydrogen, nitrogen) and re- 
evacuated to a vacuum of about 200 
microns. The welding apparatus was 
then filled with forming gas at atmos- 
pheric pressure and heating of the fur- 
nace to the welding temperature was 
begun. The specimen reached welding 
temperature in somewhat less than 10 
min, was held there for 30 min and 
cooled to about 400° F below the weld- 
ing temperature within 5 min after the 
furnace was turned off 
Temperatures were controlled 
measured using two calibrated chromel- 
alumel thermocouples positioned adja- 
cent to the central copper disk. The 
welding temperature was held constant 


and 


Table 3—Results of Diffusion Treatments 


Diffusion 


tempera- 


Diffu Sion 


Shift of interfaces 


d diffusion, 


Character 


of 


Sam ple Vo of sandwich tue, °F time, hr n. X inte rface Remarks 
Observed Adjusted 
Specimens diffused in vacuum 
TI1-A Cui Cu Cu (tough pitch 1600 65 0 fine 
52 Cui Cu, Cu (OFHC 1600 65 2 
Specimens diffused nm ot chareoal pack 
Cu Cu Cu (tough pitch 1605 65 OS opened 
3S CuliCu Cu (OFHC 1605 65 fine 
Specimens diffused in an atmosphere rich in zine vapor 
30 80/20 Cu S020 1600 65 10 11 fine 
5I-A sme 1610 62 30 3Y fine 
5D same 1610 62 32 32 fine 
52-B CuiCu Cu (OFHC 1600 6S ~120 ~120 average 
5S-A same 1600 68 ~60 ~60 average 
59-B 70/30 Cu 70/30 1600 6S 61 61 fine 
60-B sume 1600 6S 66 66 fine 
61-B sume 1600 68 69 69 fine 
Specimens diffused in an atmosphere poor in zine vapor 
Cui Cu Cu (OFHC 1630 OS 52 17 opened copper plated 
51-B 80,20 Cu 80/20 1625 62 25 24 fine 
53-B same 1630 OS D4 1S fine 
53-A same 1630 6S 153 137 opened copper plated 
55t same 1630 6S 15 opened copper plated 
70/30 Cu 70/30 1630 68 67 60 fine copper plated * 
6O-A same 1630 6S &3 74 broad copper plated * 
O1-A same 1630 68 76 68 fine copper plated 


* These two plated samples were heated for 4 hr at 500 


F in a vacuum of 10 microns to remove hydrogen. 


+ After being given the treatment listed above, this sample was copper plated and given this second diffusion treatment. 
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Fig. 5 Photomicrographs showing the effect on a weld interface of being "sealed off” by a copper plate during a diffusion 
treatment. (a) Sample 60-A, which had a poorer interface initially; (b) Sample 61-A, which had a better interface initially. 


X 500. Unetched 


119 hr at about the same temperature. 
Equation l predi ted that the Kirken- 
dall shift in Specimen 37 would be 6.5% 
that in Specimen B20. The experi- 
mental value was 6°, 

This error in measurement of Kirken- 
dall shifts ean be avoided if the follow- 
The initial 
spacing of the interfaces is taken to be 
the height of the center disk, 
which is measured before welding. The 


ing procedure is employed. 
(copper 


final spacing of the interfaces Is meas- 
ured after the diffusion treatment. The 
observed shift is then associated with 
the total diffusion that occurred both 
during welding and during the diffusion 
heat treatment This is the desired 
quantity in most Instances. 

A crucial question in regard to this 
procedure is whether the original height 
of the central disk is changed during the 
welding operation by influences uncon- 
nected with the Kirkendall shift itselt. 
For example, if appreciable plastic de- 
formation (creep) oceurs during the 
welding process, the appropriate value 
for the “original height” will be less than 
that measured on the central disk. Or, 
if reactions occur inside the central disk 
during the welding treatment, signifi- 
eant contributions to the observed 
change in height may be produced in 
this way. In fact, it was shown that 
most of the “total shift” observed in the 
weld series with tough-pitch copper, 
Table 2, was caused by an internal 
reaction between the oxides in the cOp- 
per and hydrogen in the protective at- 
mosphere. This reaction was negligible 
in the OFHC copper disks. 

To determine the importance of creep 
during the welding of copper and brass, 
specimens were made in which all three 
disks were of the same metal, Table 4. 
Since diffusion effects are essentially ab- 
sent under these conditions, any shift- 
ing of the interfaces must be attributed 
to causes other than the Kirkendall ef- 
fect. The data of Table 4 shows that 
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the interface distances after welding 
were the same as the original height of 
the center disk within experimental 
error. Therefore, it was concluded that 
creep effects were negligible for the 
welding conditions employed 

Two properties of weld interfaces that 
bear on their usefulness for determining 
Kirkendall shifts are the parallelism of 
a pair of interfaces and the straightness 
The data of Table 2 
on separation of the weld interfaces 
show that departures from parallelism of 
as much as 0.0003 in. were observed over 


Since the origi- 


of each interface. 


a distance of 0.2 inch. 
nal center disk had a degree of parallel- 
ism 10 times better than this, it is likely 
that the interface was disturbed by local 
variations in the rate of diffusion or in 
the character of plastic deformation. 
This view is supported by the data of 
Table 2 showing that the local depar- 
tures from straightness of a weld inter- 
face were about 0.0001 in. even though 
the original polished surface had a finish 
10 to 100 times smoother. 

The strength of the welded specimens 
was adequate for such manipulations 
as light machining operations except for 
specimens welded at a combination of 
the lower temperatures and the lower 


pressures. The tensile-strength deter- 


minations were of only limited accurac) 
Discussion of Diffusion Studies 

The first four samples in Table 3 were 
all-eopper sandwiches of which Sam- 
ples TI-A and T1-B were electrolytic 
tough-pitch copper while Samy] les 52 
and 38 had center disks made of OF H¢ 
copper It is seen that the OFHC cop- 
per was unaffected by the atmosphere in 
which the simulated diffusion treatment 
was carried out. The tough-pitch cop- 
per, however, was significantly changed 
by the reducing atmosphere of the char- 
coal pack. 

To facilitate comparisons among the 
remaining samples in Table 3 it Is con- 
venient to adjust the observed values of 
interface shift to the same conditions of 
diffusion temperature and time. These 
were chosen as 1600° F and 68 hr. With 
the aid of the values of temperature de- 
pendence of the general diffusion coef- 
ficient, D, reported by Horne and Mehl,* 
the adjustment was made on the basis 
that the amount of Kirkendall shift is 
proportional to (Dt)'/?, where ¢ is the 
time. 

The typical effect of the atmosphere 
in which the diffusion heat treatment 
was done is shown by Specimen 51. 
Sample 51-A, which was diffused in a 


zine-rich atmosphere, experienced a 


Table 4—Measurements of Creep in One-Metal Sandwich Specimens 


Welding Conditions* 


Vominal 


Specimen tempera- 


No Vetal ture, 

38 OFHC 1550 
Copper 

52 OFHC 1550 
Copper 

80/20 1550 
Brass 

56 OFHC 1550 
Copper 


Pressure. 


Inte rfac 
Origimal distance 
height, after 


we ldi ig, in 


psi in. 

160 0 2463 2464 
15 0. 2640 0. 2641 
160 0 3018 0 3018 
1d Q 2500 2591 


* Specimens were held at the welding temperature for one-half hour 
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Fig. 6 Photomicrograph showing a typical “extra inter- Fig. 7 Photomicrograph of a copper-copper interface 
face” (below) parallel to the Kirkendall interface; Sample in Sample 58-A along which zinc was transported. No 
61-A. X 500. Electropolished trace of extra interfaces can be seen. X 500. Electro- 
polished 


There- 


-B, which was diffused ina ip into a crack as much as 0.001 fore, it s concluded that the “opening 


zine-poor atmosphere. The shift of the vide in some instances The history of up of the terfaces under these condi- 
latter was 24 & 10°34 An obvious cause specimen 55 is especially striking. This tions W somelhi onnected with im 
of this difference in shift would be the specimen, Table 2. had good fine verfection of the interfaces 

transport of zine along the weld inter- nterfaces as welded, Fig. 3a Its reac- {nother interesting feature observed 
faces. The zine could = diffuse nto tion to the first diffusion treatment n mal liffuses i les, and even in 
Sample 51-A from the zine-rich atmos- Table 3, was tvpical in that its interfaces - ( -welce SIM mens wus the pres- 
phere and it could diffuse out of Sample became even better, as judged by then ( texts terfuces.’ \ typical 
51-B into the z ne-poor atmosphere ippearance under the microscope. Next is shi gy. © lor sample 


A convincing demonstration of the ex- the diffused specimen was given a cop- 61-A. Theupper interface is presumably 


istence of such transport along weld in- e] iting t sf ff’ the interfaces the rv Kirke nterface since 
terfaces was made using 4 opper sand- It was then viver i second cdiffusior t ted ith the join between the 


he edge of the 


ing pressure is purpose] kept low n \licroscop ( mination ifter this Sp The e! terlace Was to- 
making Specimen 52 so that it would treatment revealed that both interfaces ras thie per n this sumple was 
have a poorer interface than Specimen ened up and were about S & 10°4 it iz x 36 the Kirkendall in- 
5S. Consequently when Samples 

ind 5S-A were diffused in a zine-ricl Several observations of this phenom- A possible « nation of these extra 
atmosphere Sample 52-B showed an in- enon suggested that the ause might Le nt I ( = that the re small parti- 


e shift of about 120 « 10 I n the impertection of the interfaces cles, init t the ned surfaces of 
while the value of Sample S5S-A) was themselves or that it ight meré he the t lisks, that | e become “‘bur- 
only about Chere Wis in etiect ol hvdroget hbsorbed the ec thie Husion process 
doubt that the cause of the shift was metal during the ypper-plating opera- ; thi SsuU te vy the observa- 
transport of zine along the weld inter- tio! Specimens 59, 60 and 6OL were t t ext terfaces, one on either 
faces and hence into the copper since made and tested to investigate these sic f the rig veld interface, in 
there was a brass color on both sides of possibilities. In an effort to improve . e 52-B opper sandwich in 
ene h interfa In some specimens the the perfection of the weld interfaces, the Vl ! 1 ised long the weld 
zone of brass color was of uniform thick- lisks of 59 61 were etched as de nterface. On the other hand, careful 
ness at all depths belo the men seribes ibove prior to we \l ro- ) ( nation friled to 
surface However, in other specimens sco examination, Fig. 4, showed that reveal ext nter es in Specimen 5S- 


there WAS ience that regions ot ex- etching licl produce i finer ntertace \ | 7.4 men similar to 52-B but 


cellent weld could retard the penetra- Samples of all three specimens, 59-A, 60- vit] hetter inte e as welded. Also. 
tion of zin \, and 61-A, were copper plated, and fo 1 given specimen might show greatls 
Sample 52-A was a second sample of lowing the platu yn heat trentment at different Stance between the extra 
f the sandwich with the poor weld inter 500° F in vacuum was given Specimens nterface and the eld interface at its 
face It was copper plated in the region 59-A and 60-A to remove hydrogen in two interfaces even though the amount 
of the two interfaces in an effort to im- troduced during plating After all three I er CutMTuUsLO! s about the same 
pede the access of zine ipor to the specimens had been diffused in an at- tt tw nteriaces Chus, some fac- 
terinces Also. the diffusion treatment mosphere poor in zine por their unter- toru dition to the flux of zine appears 
was carried out ina zine-poor atmos- faces had the appearance shown in Fig to ben ed 


phere Althoug! these me sures did TI at is. the mople witl the poorel 


not prevent the access of some zin to ntertiace 6HO-A had experienced i Tul 
the weld interface the interface shift ther broadening of the interface even This stu y the weld interlace in 
was now only 47 & 1004 1in., about one- though a degassing treatment had been pressure-welded er-brass specimens 
third that in Sample 52-B used. On the other hand the samples has led to the following conclusions: 

A per uliar effect was noticed in some witl the better ntertaces in luding | It is possible t refer the Kirken- 
diffused specimens that had been cop- €1-A that had not received a degassing qdall shiit to the te oht of the eenter 
pel plated over the interfaces prior to treatment, had extremely fine interfaces member of & sandwich” specimen. 
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es : 

* 

» 

larger interface shift, 39x 10-4 in., than liffusion. The interface would “oper ifter the diffusion treatment. Hii! Ee 


This procedure is more accurate and is 
more convenient experimentally. 


» Two techniques were found for 


judging the degree of perfection of a 


weld interface, ino addition to micro- 


examination a) observation of 


| 


the tendency of the interface to open 


up’ during «a diffusion treatment in 


which it is sealed off by a copper plate; 


b) observation of the penetration of a 


volatile substance (zine vapor) along 


the weld interfac 


> Light et hings of the surtaces to 


be welded significantly improves the 


perlection ol the weld 
t. Transport of a volatile substance 

ean occur along a weld interface either 

into or out of the specimen 

which ure 


interfaces 


often almost identical with the usual 
Kirkendall interfaces, Occur many 
specimens 
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WELDING HIGH-TENSILE STEELS 


BY K. L. ZEYEN AND H. SCHWARZ 


today has lost its old 
ability. te weld 


Instead it has come 


Weldability 
meaning ol 
free from defects 
to mean freedom from hardening and 


produc | 


brittle fracture The type of 
steel was the first step in developing 
steels satisfving— the new definition 


St52 with low carbon content replaced 
St4s 0.306% C and the 


Steels of type 


with silicon- 


structural steels 
developed in various 
listed in Table 1 these 
grained which suppressed 
The HSB steels, Table 2, 


countries are 
Usually steels 
wert fine 


brittleness 


were fine-grained steels with 0.206 
earbon maximum made by Phenix- 
Rheinrohr Co. in Mulheim in the Ruhr 


These steels were very insensitive to 
welding because transformation oc- 
Abstract by Gerard E. Claussen Das Schw 

en m Baustihlen t Hol Festigkeit 
lished in Tech } R He Switz 
land) No. 1 2 Ja 1, 1957 

Dr. Cla 1 is associated with the D | it 
Laborat s, Linde Ce wark, N. J 


curred far above the martensite temper- 
ature 

The notch-impact properties 
of the U T-1 steel have 
been confirmed by the Escher Wyss Co 
Their tests showed that good properties 
were exhibited in the as-received con- 
dition, after stress relieving, and after 
aging However, de- 
stroved the desirable heat-treated struc- 
ture of the steel 

For several vears, the Oerlikon Elec- 
trode Co. has used the Schnadt test to 
evaluate the plasticity of and 
metal. This test demonstrates 
the tendency of a steel to behave in a 


on vd 


Stee! Co.'s 


normalizing 


steels 


weld 


brittle manner under multiaxial tensile 
stress. <A 
which can vary 
the 


dimensionless quantity 


from zero to two ex- 


presses degree of multiaxiality 


Specimen KSA 100 notch radius 

Specimen KSA 33 notch radius 0.5 mm 
Specimen KSA 0 notch radius = 0 
Specimen KSZ 100 noteh radius 

Specimen KSZ 33 noteh radius 0.5 mm 
Specimen KSZ 0 notch radius 0 


Schwarz High-T nsile Steels 


Zeyen, 


without 
Th 
Speci ns are 


10-mm 


withstand 
compl tely 


which a steel can 
losing its plasticity 
Schnadt notch-impact 

so designed that the 3 x 
section is in tension only, not in com 
pression. As the noteh 
duced, the degree of 
The Venant coefficient 


CTOss 


radius is re- 
multiaxiality in 
100 


(Vv + 1) where V notch radius in 
millimeters varies from 0 where | 0) 
to 100 where V ©, Table 3 \ 
steel having only a low impact value, 
such as 2 mkg em®, in the K 


specimen is unsuitable for structural 
service at the temperature of the test 
On the other hand, a steel having over 
S mkg em? in the Ky specimen is 
absolutely from brittleness The 


effect of welding is studied by means of 


tree 


SIX specimens cut from a bead on plate 


heat-affected zone oce pies the entire 3 mm 
heat-atfected zone eceupies the entire 3 mm 
heat-atfeeted zone occupies the entire 35 mm 


\c, zone ol weld outside the specime 
root of notch on Ac; line of bead 


root ot notch on Ae line of bead 
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Table 1—Steels of the St52 Type 


(our 


German 


DW Dueol 2 34.000 7S.200 
SO) 4 (Wi) 
SOM) 74.000 


SOO 


Table 2—The HSB Steels 


Vame 
Hs B40 OO) } 17 000 
2 | 5.000 51.2 ( j GOO) 


HSB55 2 § | 7 7.000 ( ) 2 200 


Table 3—Coefficients of the Schnadt Specimens 


Va 
Venant 
alue ame of ep os test for weld cracking ts 
odied ih SWISS 
er, it has breve 
trodes with this 
the field 
1 by H 
pment Keach 
inder 30° tons 


Dina 


ind cooling 
ons holds the 


esults of hun- 


publishe d 


Table 4—T-1 Steel ‘he remaind } article deals 


etrodes lor 
O05 steels 


Compositior 

( properties 

Fables 4 and 

Metallic pare! mantlac- 
vere inh 

carbon, low- 

Table 

tests on butt 

given om 

as 

Yield strength, p S00) 113.800 84600 moved nd tl dl ! tested as 
Tensile strength, p 22 300 122.300 105,300 elder dy root and 
Klongation, ‘ n 5 diam | 14 INin2ir 


feduction ot area ) 


Charpy V-Noteh Imipact il 


out irae 


1° F: 431 ) rive he plates were 


welding 


NOVEMBER 1957 stle Steel: 181-s 


(‘arhor ey 
alent ras 
7 a 
SO 
92 500 0 2 O20 () 25 ) ) 53 
France 0 2B OS 2 Oo O 40 ¢ 0 
Russian 1.000 0 22 0 4S O05 70 0.5 QO D4 
S00 GO .7OO-S85.300 0 12 75 0.15 0.50-1.25 O 0 5 44 
j j \ 
Phe first three specimens involve the pa 
entire heat-affected zone, while in the 
Radiu 
note} 
mm 
0 11 
0.25 
9 
pressu during a 
plates toge he 
> 
° 
ope 
rigidly restrained during the 


Composition 


Longitudinal 


Yield strength, psi 82,500 
Tensile strength, psi LOL O00 
Elongation, in 5 diam 22 
Reduction of area, 62 


Charpy V-noteh-impact value, ft-lb 


G 0.21 (O 19) Mo 
Mn 1 30 1 45) \ 
048 (O43) Cu 
Metallie Al 0 07 s 
Pp 
Ni 0.27 N 


Mechanical properties 


32° F 58 6S 
F 65 

22° 6O 76 

10° 

58° F 33 

76° F 24 


Table 5—Aldur 50/65 Steel 


0.01 


0.10 
0 036 
0 023 
0.011 


Transve 


SI 
104 
IS 


52 


> 


Swiss standard aged specimen, 


0 O35 
0 O18 


mkg cm? 


Table 6—Average Properties of Weld Metal Deposited by Tenacito 70 Electrode 


Stress Vormalized 
Treatment relieved hr at 
he at 1112° | 1688° F 
Yield strength, psi 85, 500 91,000 51.000 
Tensile strength, psi 102,000 102,000 84,500 
elongation, ©, in 5 diam 214 25.2 
Reduction of area, 71.5 68 5 67.8 
{ harps V. ft-lb DS Tt 
Schnadt Ko, mkg/ em? OF 
* Treatment A involved heating 8 br at 482° F to remove hydrogen 
+ \s-welded, without treatment A 
Table 8—Notch-Impact Results, Averages of Four Specimens 
Welds were mad with Tenacito 70 Electrodes 
Test ten Charpy V-Specimen, ft lb Schnadt Ky specimen, m! 
perature 50/65 T-1 085 
/ Plat Weld Plate Weld Plate Weld Pl Weld 
6S IS 65 SS 
14 
22 aS 7 
20 15 28 2.5 2 2.2 
3S 25 2.6 1S 
76 22 24 


al 


0) 
0 


4 
6.7 
5 


Table 9—Schnadt Impact Tests at --32° F of Unwelded and As-Welded T-1 
Aldur 50/65 Steels. Averages of 4 Specimens, mkg/cm 


and 
oll oOo 
54 
60 
65 
>. 4 5.4 
50 
1.5 


Location of specrmen Longit wlin 
Noteh radius, mm 05 0.25 0 
T-1. unwelded * 9 4 S 6 Ss 
T-1 KSA specimen ft 93 8.5 8 
KSZ specimen 9.5 8.5 Ss 
Aldur, unwelded § 95 S 
Aldur KSA specimen 10.5 9.5 . 
Aldur KSZ specimen 96 8 
* 914 231 Vickers hardness § 242-27 
383-388 Viekers hardness 383 405 
+ 901 230 Vickers hardness § 230-251 
Zeyen, 


Vickers hardness 


Schwarz 


5 Vickers hardness 
Viekers hardness, 


High-T¢ nsile Steels 


Table 7—Transverse Tensile Tests of 
Butt Welds 


T-1 
steel 50/65 stee 
Yield strength, 
psi 500 77,000 
Tensile strength, 
psi 117,000 102,000 
Location of frac- 
ture In weld In plate il 
Junction 


with weld 


of these single-vee-butt joints. The in- 
terpass temperature was 212° Fo max 
The temperature at which brittle be- 
havior was exhibited was well below 
32° F, so that both steels are absolutely 
safe against brittle fracture an 
k nd of service. The  heat-affected 
zone of the T-1 steel was found to have 
a martensitic structure, while in Aldur 
50 65 the structure was bainitic. The 
low-carbon martensite of T-1 
relatively soft and very tough. 

Further tests were mad wit! 
Schnadt specimens of four different note! 
radii using the KSA and KSZ_ heat- 
affected = zone specimens, Table 
Despite the high hardness of the heat- 
affected zone in T-1 steel, the impact 
values are remarkably high. The heat- 
affected zone of the Aldur steel was 
not so tough as the T-1 stee! 

The Fisco cracking test was app! ed 
to the two steels using two electre des 
Tenacito 7O (0.07 1.10 \In O10 
Si, with low Cr, Ni, and Mo) and ZH704 
0.06 C, 0.82 Mn, 0.23 Si, 3.8) N 
0.66 Mo) With Tenacito 70 cracking 
was 12% of the bead length in T-! 
and in Aldur. The cracks wert 
confined to the crater With ZH704 
all beads were 100°] cracked 

All in all, the tests show that Ter 
acito 70 is suitable for welding bot! 
T-L and Aldur 50 65 steels 
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VACUUM-METALLURGICAL RESEARCH GIVES 
INDUSTRY A GLIMPSE INTO THE FUTURE 


Luthor presents some of the problems which have been 


solved by vacuum-melallurgical methods and discusses several others for 


which vacuum techniques appear to have particular potential 


BY R. C. BERTOSSA 


ABSTRACT. Recent progress in \ m- 
metallurgical research Hows mcreased 
latitude in designing new process equip- 
ment for the chemical, petroleum, paper 
pulp and aircraft industries. Wider know!- 
edge of new industrial applications of 
vacuum metallurgy and a realization of the 
potential of these promising techniques 
for tuture industrial development in ad 
vanced fields may bye instrumental wu 
bringing out new applications for this 
versatile process, and may assist in the 
solution of additional problems in the use 
of metals and alloys The development 
of new potential appheations could te 
instrumental in directing and encouraging 
irther vacuum-metallurgical researc) 
along lines of greatest interest to industr 


Introduction 
Techniques for production of metal 


illovs and for joining metals by brazing 


have been well known to industry for 


ars. These methods provided 
ade juate allovs and satisfactory metal- 
to-metal joints over relatively small 
areas, using fluxes and or gaseous at- 
mospheres to minimize oxidation so 
that bonds could be effected. 

Just prior to and during World Wan 
II, more highly alloved metals, such as 
| allovs and 


stainless steels high-nicke 


others, became increasing! important 
for corrosion-resistance applications and 
for other newly conceived uses for which 
ordinary steels would not suffice. At- 
tention was then turned toward higher 
nickel-tita- 


temperature cobalt-base 


nium and other so-called “superalloys” 
to satisfy even more stringent metals 


applications 


This new interest sparked further 


growth of the alloying industry, al- 
though at that time many metals still 
resisted all attempts to produce ductile, 
uncontaminated allovs by commercial 
methods 

During this same period, develop- 
ments in joining metals by brazing re- 
ceived little impetus through new ap- 
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tions apparenth Tey people 
the engineering profession ould 
foresee any rel ble future in metals 
fechnolog. for what was common! 
Known as the we-old art of brazing 
Applications brazing were rele- 
gated almost entirely to joining sma 
ferrous or nonferrous metal parts where 
gh strengths and uniform joimt in- 
tegrity were not alwavs primary factors 
Mass high-strength joining of hea 


metal plates on the order of 100. te 


s 


ft or more in area by integral 


ind continuous flux-free, vacuum-brazed 
} ] 


ommercial production of 


high-temperature allovs 


of such metals as titanium, zirconiun 


tantalum, columbium (miobium),molyb 


adenum and man others Was con- 
sidered impractica owing to the man 
serious problems involved Mianv of 


the higl temperature metals were ex- 


treme] sensitive to itmospheriv 
it elevated temperatures and even some 
of the common reducing atmospheres 
were unsatisfactor In brazing, the 
difficulties of flux removal from. the 
bonding interface over large areas and 
the ichievement of the required unl- 
formly distributed high pressures over 
these areas were in themselves enough 
to discourage high-strength brazing 
on this seale 
About this time 


began to experience increased difficulties 


metals fabricators 


in keeping pace with new developments 
in design for processing and industrial 


equipment For example, development 


of high 


ly corrosive by-products Wn the 


petroleum industry, where and 


more efficient techniques ol rehning 


had been developed, made the problem 
of containment many times more acute 
than before 

The metals-fabricating picture was 
further complicated by new demands 
from engineers in the aircraft, missile 


atomic-energ\ fields for alloys 


and materials capable of withstanding 


service temperatures corrosive envi- 
ronments, and other conditions far in 


excess ol any previous specifications 


Vacuum-Me tallurgical Research 


Expansion of Research 
on Unusual Metals 


Po satisfy the ne demands, metal- 

uy research groups began to turn 
thei ttent e and more toward 
the development f commercial pro- 
I ind | te lor 

t! inusual metals. 
\I t ed unusual metals 
this not becuuse ol 

thei i il lance in nature, but 
hy r thre heulties of extracting 
the m the ( oupled with diffi- 
Wties in ! eat treating, and 
\letals su = titanium, zirconium, 
tant imbiu nd molybdenum 
tio! roperties which 

de t cle ble for use in newly 
developed processes and industrial 
equi nt here requirements are too 
st r ore metals and allovs. 


Titanium has excellent corrosion re- 


n the presence of chlorides, 
the lack of which has alwavs been the 

Achilles stuinless steels. 
litaniu excellent strength- 
to-weight ratio, which has resulted 
n its increased use in the aircraft in- 


dustr 
Zirconium possesses extremely low 
ss sectlol h means it has 
ow neutron-absorption character- 
ng it lesirable material 


certain atomic-energy applications, 
Tantalum, columbium and molyb- 
denum all have excellent strengths at 


temperatures above 2000° F and very 


hig Wrosiol resistance certain 
environments, thus placing these metals 
ind their allovs in heavy demand for 
hig te erature high-corrosion 
ip} tions 

Without exceptio however, these 
etals have one common undesirable 
terist whi makes them ex- 
trem difficult to produc heat treat, 
ind ite Phey ire easily em- 


brittled at elevated temperatures by 


ontact with even small quantities of 
itmospheric gases, such as oxygen, 
nitrogen, an¢ lroger In addition, 


183-s 


very rapid deterioration 
through oxidation at elevated tempera- 


This 


use in temperature ranges above 


they suffer 


tures characteristt 
then 
those inh 


prevents 


Which some common metals 
will suffice, even though their strengths 
are adequate for use, in some cases, up 
to 3000 kor 


not vet been 


above these 


and 
reasons, these metals have 
exploited fully in the high-temperature 


field. 


This is a field where considerable 
research is vet to be done, and where 
the characteristics of the metals in- 
volved are such that producing, heat 
treating ind joining them must be 


done under uovery high degree of pro- 


tection for atmospheric conditions. 


Vacuum-Metallurgical Approach 


The foregoing brief review of some 
major properties and characteristics of 
usual metals clearly indieates that 
special techniques sare required in- 


dustry is to utilize the full benefits 
of their exceptional properties 

Since contamination by atmospheric 
guses and deterioration through oxida- 
tion at elevated temperatures appear to 
contend with, what 


he exercised in han- 


be major factors to 
better control ean 


dling these metals and their alloys at 


elevated temperatures than to remove 
the source of the difficulties? 


The use of vacuum-melting, heat 
treating and joining, therefore, is the 
direct approach to the problem, not 
only for the purpose of protection 
iwainst contaminating gases, but also 


for removal of gases and other impuri- 


ties from metals previously contami- 
nated This characteristic of vacuum 
metallurgy is termed out-gassing,”’ 
Table | 
Table 1—Out-gassing Temperatures 
for Some Metals in Vacuum Less Than 
1 X10 ‘mmHg 
Oul-qassing 
lemperaliure 
Vela mar), 
Copper and Cu Allovs O32 
lron IS32 
Nickel and Ni alloys 1382-1742 
Tungsten 3272 
Molybdenum 
Tantalum 2552 
Platinum 


The following characteristics and ad- 
vantages of vacuum-metallurgical tech- 


niques illustrate how well suited they 


are for handling high-temperature 
metals 
1. High vacuum effectively ex- 


cludes atmospheric gases during the en- 
tire time the metal is at elevated tem- 
peratures, 

2. It can actually 
films 


break down and 
built 
up on certain metals cleaning and de- 


remove oxide previously 


IN 4-s 
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CONTROL 


ADDITION CUPS —— 


qu CENTRIFUGAL CASTING 
MOLD 
CENTRIFUGAL 


CASTING MACHINE 


oxidizing the surfaces of the metals 
3 


nonmetallic, some metal- 


lic and 


some gaseous Impurities are 
scavenged from metals, both upon 
vacuum melting and upon heating 


under vacuum without melting. 
In 
techniques exclude oxidation from the 


brazing of metals, vacuum 


interfaces, allowing uniform and com- 
plete bonding without fluxes. 
uum can be used also to exert very high 


the bonding 


interfaces, bringing them into intimate 


uniform pressures on 


contact, and thus insuring a uniform 
cross section of bond and highest joint 
strength with a minimum of brazing 


alloy, 
5. In all operations, vacuum meth- 
bright 


need ho 


ods produce products which are 


and clean, and in many cases 
further finishing prior to marketing. 
On the other side of the ledger, han- 
dling problems in vacuum-metallurgical 
work are somewhat complicated, equip- 
ment is intricate, and skilled, meticu- 
lous operators are required to produce, 
heat treat, join and decontaminate the 
metals. These particular problems are 


tangible, however, and are being re- 


solved rapidly. © Many commercial vac- 
uum-melting, heat-treating and joining 
units are now in successful operation 
(Fig. 1) and it can be said safely that 
the technique is now becoming an im- 
portant modern industrial tool. 

The development of the full potential 
of vacuum-metallurgical techniques is 
this time, 


and, as new applications are found and 


far from accomplished at 


as research continues on applying vac- 
uum techniques to many problems, the 
vacuum scientist envisions a remarkable 
future for this versatile product of the 
laboratories. Although it is estimated 
that many vears of highly productive 


Vacuum-M etallurgical Research 


research lie ahead in developing ‘hp pul 


tions for this relatively new te hie 


considerable progress has been risicle 


difficult 
problems have been solved, are 


already and many industrial 


being 


solved, or are im advanced stuges ol 


To illustrate actual industrial 


which have 


solution. 
heen 


Into 


problems already 


solved and to give some insight 
the future in store for vacuum metal- 
lurgy, progress made to date in solving 
some difficult and interesting problems 


will be discussed. 


Recent Applications of Vacuum 
Metallurgy to Industrial Problems 


Chemical Industry 


In the chemical industry, advanced 
process designs called for process sand 
containment vessels to withstand varia- 
tions between high positive pressures 
and partial vacuums at elevated tem- 


The 


were extremely corrosive and could be 


peratures, chemicals involved 
contained only by certain noble metals 
such as silver, gold or platinum. Ob- 
viously, these metals could not be used 
to construct 20- to 30-ft 


operating pressures required wall thick- 


vessels W hose 


nesses equivalent in strength to 1 to 
2 in. of steel. The solution appeared to 
be a continuously bonded, high-strength 
clad laver of noble metal on less ex- 
pensive backing materials such as car- 
Discontinuousls 
liners had 
unsatistactory ip 


bon or stainless steels. 
bonded noble metal 
tried and proved 
that heat and pressure variations while 
the 
failures in the noble metal liner, which 
in turn allowed highly corrosive liquids 
to contact the backing steels. Failure 
resulted in a matter of days. 


been 


vessels were stream’? caused 


This particular problem was solved 
through the application of high-vacuum 
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Inside view of 3-ft diam by 20- 


Fig. 2 
ft vacuum-clad pressure vessel; 
fine silver integrally and continuously 
bonded to | in. of Type 316-L stain- 
less steel 


ig7in. 


brazing. An initial experimental ves- 


sel over 20 ft in length, with 6 In 


sliver continu- 


vacuum bonded to | in. of 


ol fine integrally and 
ously 
tenitic stainless 
(Fig. 2). The 


an adaptation of a 


steel 


Wiis produced 


technique used 


Wiis 


unique Vacuul- 


ressure ladding process Tor produc 
| 


high-strength clad plates for subsequent 


fabrication 


mie thod 


Into pressure 


This process Is, In essence 


Ol cladding 


one or more metals on 
another similar or dissimilar metal 
UsInNg selectivel applied high vacuum 
at the bonding interface during the 


entire bonding and heat-treating cvcle 
This eliminates the need for a contami- 
nating flux to effect 
addition, provides a 


bonding, and, in 
] 
uniformly hig 


the order of 15 


pressure on psi 
the entire bonding surfaces of the 
metals joined, insuring intimate con- 
tact and resulting in uniform, high- 


strength bonding. The prepared mul- 
timetal tested, 
then heated in an ordinary heat-treating 
sufficient 


assembly is) vacuum 


furnace to temperatures to 
cause melting of thin layers of brazing 
alloy of suitable composition preplaced 
the 


metals 


between lavers of higher-melting 


base Since the vacuum Is 


the 
bonding is to 


drawn only on the central area of 


assembly where actual 
take place, an expensive vacuum furnace 
is not required and the outside atmos- 
utilized to attain 


and uniformity of 


phere is highest 


strength bond, by 
causing it to be exerted on the assembly 
elevated 
Atmospheric pressure Is aided by 
the 
temperatures to 


or at temperatures 
in- 
mobility of base 
metals at elevated 
optimum 
formity The resulting clad plate can 
be bonded effectively 
1000 sq ft or more in one 
ASTAM-ASAII 


for clad plate lor pressure-vessel use. 


creased atomic 


gain bonding interface con- 


over areas of 
question, 


and meets specifications 
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It subsequent! in be formed into iroul | This prot vessel is 
sl apes and welded by ordinary tech- the orerunner of many more special 
niques lor welding clad metals ill “1d esseis in the petroleum and 
The initial »ble-metal clad vessel petr ( ndustres It is interest- 
produced lor chem il service proved Ing to note thint is i result ol this 
satisfactory and made the use of silver- wu etallurg -cladding develop- 
clad steels practica and economical ment, design engineers are how working 
for the chemi industry. In effect on esse \ require clad 
new material had been provided metals of even more noble characteristics 
to meet the requirements of advanced to a re ( temperatures to be 
chemical-processing techniques since mecrensed Turthel 
that first installation, 6 additional Wood-Veneer Industry 
silver-clad vessels | e hee mduced 
produced In the wood-veneer industry, greater 
for the s: servi OW 
er ind are in pressures nad ress platens were 
operatior required to pr we higher quality 
Petroleum and Petrochemical Industries enee! Omposites with greater area 
| plece his reuse 1 uten 
In the petroleun ind petrochemical pla 
size the reg method of drilling 
industries, new processes were devel- 
liquid fi han through the thick- 
oped to produce new chemicals trom 
ness¢ ( ~ met pintes parallel to 
constituents in rude ols some ol 
ul t Sul ighly expensive 
the catalvsts used in these processes we 
nd reused drilling in- 
were highly COTTOSIVE Many ol the | ft 
ccurs ; irther, for more efhcien 
operations involved both high service nt 
lesired, but only straig iannels 
though the corrosion conditions have 
| plugged at the enas could be drilled 
not been sufficiently severe to requir T 
his probl of ro ‘ 
noble metals, expensive proprietary m providing — liquid 
flow channels built into the thickness 
nickel-molvybdenum-iron allovs, were 
: of ste tes was solved by machining 
necessary for adequate corrosion pro- 
ore lesired tter! ol em ‘Is 
tection These particular allovs, owing mse 
one te. the wit -bri 
to their ele vated-temperuture -strength 
mother flut stee ite over the grooves. 
properties, and in consideration of re- pa = 
The resulting osite clad heat- 
duced corrosion resistance developed 
e] ite contained built- 
inte- f ! ed hap with much 
ind complete bonding methods to of location with 
resty t to the pin <urlaices 
carbon-steel backing’s Until such a 
composite clad ite was made avail- Alloy Casting Industry 
ible. the operations of these advanced In the allov-casting and rolling in- 
refining processes would be difficult dustries, problems were encountered in 
ind mamtenance sts would be ex- rem undesirable impurities trom 
tremely certain metals t mprove corrosion re- 
Vacuum bonding provided the an- SISTANCE il hnyvs properties For 
sewer to this pre en One pilot esse] eX pie mn thie duction of mi kel- 
of nickel-molyvbdenum-iron alloy hi molybdenum alloys for 
uum-pressure clad to carbon steel has use in certan vt orrosive applica- 
now been in service for over months tions t was necessary to limit the 
exhibiting excellent corrosion resistance carbol ontent less than 0.056 Os 
toa strong mineral acid at temperatures preferably keeping it around 0.01 to 
100 
CURVE A 
RESULTS OF !00 AIR-MELTED HEATS 
— CURVE B 
RESULTS OF 100 VACUUM-MELTED 
+ HEATS, EARLY MELT PRACTICE 
= 
CURVE C 
© 50} RESULTS OF 40 VACUUM-MELTED 
a HEATS, LATEST PRACTICE 
z 
x 
25 + 
0 100 200 300 400 500 600 700 
HOURS TO FAILURE 
Fig. 3. Stress-rupture results for production—Ni-Co-Mo-Ti-Al-Fe-Mn “superalloy” 
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Fig. 4 Cross section of a vacuum-pressure-bonded hyper- 
sonic wind-tunnel cooling plate, Type 405 stainless inte- 
grally and continuously bonded to carbon steel 


to minimize the effects of carbide 
This 
problem was solved by vacuum-melting 
the alloy, by sufficiently 
control of contamination was attained 


0.030; 


precipitation at welded 


close 
Corrosion tests on sensitized vacuum- 
them highly 


for the required service 


melted illovs proved 
sutistuctors 

Another 
techniques were used to eliminate un- 


instance ino whieh vacuum 


desirable impurities from metals oc- 
curred in the titanium industry \ir- 
eralt Mmipaunies were encountering in- 


difficulties forming ti- 
\nalvses indicated that 


certain heats 


termuttent 
tunium sheet 
high hydroge nh content in 


embrittled the titanium, resulting in 


forming failures during fabrication 
Since that time, hydrogen has been elimi- 
nated from titanium through the use 
of the vacuum techniques as a standard 
procedure 

In addition to these specific instances 
of commercial vacuum-purifving — of 
metals, it should be brought out that 


many of the more common metals, 


such as stainless steels, carbon steels, 


and) nonferrous metals produced by 
ordinary methods have 
reliable for newer process applications 


with 


proved 
Optimum properties 
sulety 
produced — by 


which 
small allowance for fuctors are 


required rhe metals 


ordinary production practices, normally 
contain resulting inherent defects such 
is segregations of nonmetallices. voids, 
entrapped hydrogen and other gases, 


ind so on When these defects and 


impurities have been removed by vac- 
uume-melting and or heat treating, these 
illovs show. re- 


common metals and 


markable increases strength and 


other 
Vacuum-melted 


desirable properties Fig. 3). 


common metals are 
now in use, since, for an in- 
crease in cost of but a few cents per 
metals of much greater homo- 
better 


pound, 


geneity and much properties 


ean be obtained. 
Aircraft and Missile Applications 
One of the newest developments in 


aircraft and missile research is the 
hypersonic wind-tunnel now under con- 


West Coast. The 


struction on the 


Bertossa 


erer 


problem of increased speeds of airflow 
necessitated the introduction of heated 
air into the tunnel, which, coupled with 
increased skin-friction effects, required 
intricate webs of liquid-flow channels 
to be built into the walls of the tunnel, 

; in. from the inside tunnel surface. 
These channels were for the purpose of 
the walls 


dissipating heat generated ir 
as rapidly and efficiently as possible 
to avoid distortion of airflow patterns 
through warpage in the tunnel structure. 
In order to satisfy these specifications, 
a new type of steel plate containing 
a network of small built-in liquid-flow 
channels had to be produced. From 
an investigation of all possible methods 
for producing these special pilates design 
engineers decided that the 
could best be solved by vacuum-joining 


problem 


techniques similar to those developed 
After 
a period of research and development 


for liquid-cooled press platens 


involving design engineers and vacuum- 
metallurgical engineers, a channeled 
wind-tunnel plate was produced which 
passed severe testing to 
destruction (Fig. 4 

Sinee that time, actual wind-tunnel 
have built by vacuum- 
brazing techniques. These 
plates are now in the process of fab- 
rication into the hypersonic wind-tunnel 
unit. The 


plates are quite intricate (Fig. 


successfully 


plates been 


pressure 


channels in some of the 
5) and 
Figures 6 
tests 


are of small cross section 
and 7 illustrate 
performed in the development of these 


some of the 


plates. 

Figure 6 shows that, severe 
bending, the channel supports fail at 
the base of the machined groove and 
not through the vacuum-brazed bond. 

In Fig. 7 the ability of vacuum- 
brazing to accommodate itself to varia- 


upon 


tions in gap between the brazed wind- 
tunnel plates is apparent. The bond 
zone to the left of center shows a typical 
vacuum bond which pressure in 
addition to 
utilized. The bond zone to the right 
of center shows the ability of the process 
to adapt itself to filling a deliberately 
0.006-in. gap between the 


interface deoxidation is 


machined, 


Fig. 5 Grooved carbon-steel base plate for hypersonic 
wind tunnel prior to assembly for vacuum brazing 
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Fig. 6 Bend test on channeled wind- 
tunnel plate section. Most failures in 
channel walls occur through the base 
steel at root of machined groove and 
not in vacuum-pressure braze 


y 


Fig. 7 Photomicrograph at X 100 of 
the filling of O.006-in. intentionally 
machined gap in a vacuum-pressure 
bond interface. Reduced by ' , upon 
reproduction 


Fig. 8 


X-ray photograph illustrating 
soundness and continuity of vacuum- 
pressure bond in channeled clad plate 
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Fig. 10 Oxidation rates of unprotected molybdenum at 1300 and 
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Fig. 11 Effectiveness of varying thicknesses of nickel over a 0.001-in. 
chromium layer in protecting molybdenum against oxidation 
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upper and lower plates. It will be 
noted that in the typ! il bond very little 
brazing alloy is used, and much of 


that is alloyed with the stainless upper 


plate and the curbon-stee! buse plate. 
Figure 8 is a photograph of an X-ray 
negative which was used to examine 
the continuity of bond in the area where 
i le ng port \ be installed This 
phot vriupl sf lence of the quality 
of high-strengt! wuum-brazed bonds 
Another difficult design problem 
wus evolved when higher-speed require- 


ments tor aircralt necess tuted change- 


overs from aluminum to stainless steels 
Iran ind construction. 
These higher-densit metals had to be 


designed to allow maximum structural 
strength with an absolute minimum of 
weight in order to achieve an accept- 
To solve this 

rait engineers came 
up with the brazed, so-called “honey- 
uctura Fig. 9), 
ery thin stainless sheets are 
used to produ e a lightweight section 
ol great rigiadit ind strength. The 
brazing problems here are increased by 
the necessit or brazing intricate 


shapes made of very-thin sheets. This 


is 4 process Whicl sus vet in the de- 
velopment stage howevel it Is pre- 
licted that vacuum-brazing techniques 
will plav an important part in solving the 


problems of transition into commercial 


production. The ability consistently 
to produce strong, uniformly brazed 
honevecomb”’ sections of various de- 
signs on a producti basis will mark 


ortant mulestone in aircralt- 


engineering progress 


High-Temperature Applications 


entioned previously, the air- 
raft industry is faced with the prob- 
e! tf using metals in service ranges ol 


to n propulsion units 


ind missiles. It is quite possible that 

cuum-melting techniques will allow 
the development of a new high-tem- 
perature alle hich will exhibit satis- 
lactor strength at these temperatures 
and have satistactor oxidation resist- 
ance In itmosphert In the 
meantime howevel another channel 
of researc! emg followed an 


attempt to use present high-temperature 
metals to greatest advantage. This 
phase involves the development ol 
oxidation-resistant claddings for metals 
such as molybdenum, tungsten, tan- 
talum, columbium and others, in order 
that they may have protection in high- 
temperature service while their ex- 
ceptional high-strength properties are 
utilized (Figs. 10 and 11 
Vacuum-cladding appears to present 
the greatest potential for solution of 
this problem and accelerated research 
on it is now in progress at certain high- 


temperature metallurgical research cen- 


{87-s 


Fig. 9 Stainless-steel brazed “honeycomb” section 
“un 
2 3 4 5 6 7 
* 
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created that these techniques are only 
applicable to and commercially feasible 


with unusual metals and engineering 


designs which ean be produced hh hho 


other manner, attention is called to eco- 


nomical commercial oper itions lor 
scale production of ordinary clad steels 
Figure 12 illustrates the manne 


which six or more S x 25-ft stainless- 
plates can be made in one heat The 


single unit shown during the process 


of opening the “pack”? involves 1200 
sq ft of finished, integrally and continu 
ously bonded vacuum-pressure clad 
j plate. Figure 13 illustrates the conti 


nuity and strength of the vacuum bonds 
Fig. 12 Opening a vacuum-pressure clad assembly wherein six carbon-steel obtained as revealed by polished and 
plates were clad simultaneously with stainless steel etched cross sections of test bends a. 
made on ordinary vacuum clad-plate 
ters throughout the country This isa ditions of radiation. This again in- Figures 14 through l6show some of the 
phase of high-temperature research volves melting, heat treating, and joining large vessels now in chemical, petroleum, 
Which could vield more rapid results of many of the more unusual metals, and paper-pulping eerie fabricated 
than is probable in the development of a some of which are sensitive to atmos- from vacuum-clad stainless steel Monel ‘ey’ 
single high-temperature alloy which pheres at elevated temperatures. The nickel and Inconel, All of these ma- 
must have both high - temperature problems involved in this field are now terials are applied on inexpensive, low 
strength and oxidation resistance, since under consideration; and, although and medium-carbon-steel backings 
each component of the clad materials much of the work on this phase ol Additional metals which have heen 
is required to exhibit only one major metal application is classified, alloy clad to steels successfull) by vacuum- 
high-temperature characteristic Pres- development, cladding, and heat-treat- pressure techniques son titanium, Zir- 
ent hoon iture lad- ment resear h Is progress and there conmum, tantalum, molybdenum 
ding appears promising; however, much is no doubt that vacuum-metallurgical gold, platinum, aluminum-bronze, cop- 
is vet to be done in the development of techniques will play an important part per, lead and beryllium-copper some 
suitable high-temperature brazing al- in it. of these metals and allovs in the clad 
ding alloys, and satisfactory techniques naustria PP ications o plications, which. no doubt, will de- 
é : Vacuum-Brazing of Other velop in the near future 
of integrally bonding the ¢ lndding allovs Common Metals and Alloys 
to metals with high-temperature Summary 
rom. the specify examples of en 
vineering and construction problems acuum metallurgy is rapidly assum- 
Atomic-Energy Applications solved by vacuum-metallurgical tech- ing a vital role in making possible ad- 
As a final example of problems ot niques, or from those vet under research vanced industrial development of this 
metallurgical research faced = by in- and development, it is obvious that this period, It has succeeded in transform- 
dustry as a result of advanced develop- versatile tool must have many other ing the “age-old art of brazing’ into 
ment in the process and equipment applications which have not yet heen a new and promising modern industrial 
fields, the effects of radiation on metals considered. Lest the impression be tool, and has proved to be the solution 
should be mentioned Problems have for many difficult industrial problems 
arisen as a result of substantial changes which could be solved by no other means 
in characteristics of certain metals as at our present stage of metaturgical 
a result of their exposure to atome ra- knowledge 
dination. One of these changes involves The same can be said for vacuun 
corrosion characteristics. In designing casting techniques, vacuum-purifieation 
containment vessels and equipment for and degassing technicues, and vacuum 
itomic-enerev processes engineers heat-treating techniques All of these 
not use established corrosion data. since have enabled metallurgists to supp! 
radiation drasticall hanges the cor- industry with ductile metals heretotore ‘’ 
rosion properties of manv metals and not commercially available and to im- 
allovs. As a result, new metals and Fig.13 Cross-section view of 180 deg prove greatly the properties of available 
allovs must be found which will resist bend tests on vacuum-pressure-clad metals 


corrosion irious media under con- steels The purpose of this paper has been 


= 


Fig. 14 Ninety-one-ft combination tower of vacuum-pres- Fig. 15 Paper pulp digesters of Type 316-L stainless- 
sure-clad Monel and stainless steel on carbon steel for steel vacuum-pressure-clad to carbon steel 


petroleum industry 
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Fig. 16 Nickel-clad spheres for chemical service produced by vacuum-pressure 
brazing 


to present some of the problems wl 
have been solved by vacuur 

gical methods, and to dis 
problems which have not 

stage of solution but for w 

techni jues appear to 

potentia This diseussior 


ulate thoughts and id 


he trans ited into new 


ndustrial applications for 


EFFECT OF TIME AFTER DEPOSITION ON 


HYDROGEN CONTENT AND MECHANICAL PROPERTIES 
OF COVERED-ELECTRODE WELD METAL 


COLBUS 


Gerard E. Claussen high 
3 ra Te t predisposing 
triaxial tensile 

confirmed 
(‘onneres 8, 
showed that the 


ids on the speed 


H ydroge 
Tensile ongation, ‘ ( area, ©; ontent, em? /100 g 
Type strengl frengl tle ff ‘ler fler fle 
lectrode ps day 1 day 1 day wk 
Heavy rutile cellulose 64,000 74.000 2 95 7 9 25 
covering 
Thin cellulose covering 50,000 64,000 22 3 27 6 
Medium heavy rutile- 19,000 63,000 265 3 9.7 ‘ 14 
cellulose covering 
£6020 type 50,000 66,000 3 8 13 
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BASIC CHARACTERISTICS OF SOME HEAT- 
RESISTING BRAZING FILLER MATERIALS 


Paper by W. H. Chang was published in September 1956 issue of 
The Welding Journal, 35, Research Suppl., pp. 431-s to 443-s 


DISCUSSION BY FORBES M. MILLER and ROBERT L. PEASLEE 


In reference to the article by Dr. W. H. 
Chang titled Jasic Characteristics of 
Some Heat-Resisting Brazing Filler 
Materials’’ that appeared in the Sep- 
tember 1956, Wertpinc JourNAL, the 
author should be commended on an 
extremely comprehensive evaluation of 
the strength properties of these ma- 
terials. The careful way in which the 
tests were devised and conducted and 
the extensive theoretical 
should make this work of considerable 
value 

It is well known that there is a rapidly 
increasing use of the common heat- 


discussions 


resisting materials and a large number 
of new alloys are constantly being de- 
veloped. This creates a need and a 
desire for fabricators and designers to 
This, in 


turn, necessitates the need for more 


use more brazed assemblies. 


information about brazing filler ma- 
terials and brazing procedures for these 
heat- and corrosion-resistant alloys. 

However, as in any selentific en- 
deavor, the value of this work lies in 
how well the users of the data under- 
stand and interpret it. As manufac- 
turers and large users of high-tempera- 
ture brazing alloys, we are constantly 
testing and seeking ways to obtain data 
that will be of practical use to designers 
of brazed components for high-tempera- 
ture use 

In studying this report we can first 
refer to Tables 5, 6 and 7. These 
tables show that as the joint clearance 
increases on butt-brazed  tensile-test 
bars brazed with the nickel-chromium- 
boron and nickel-chromium-silicon. fil- 
ler materials, the room-temperature 
ultimate tensile strength and the per- 
cent of elongation drops. However, test 
bars brazed with the gold-nickel alloy 
appear not so sensitive to joint clear- 
The photomicrographs of the 
materials re- 


ance, 
nickel-chromium filler 
veal less diffusion into the base metal 
on joints of the greater clearance. 
When the clearance approaches SIX- 


Forbes M. Miller is Research Metallurgist and 
R. L. Peaslee ix Vice-President, Wall Colmonoy 
Corp., Detroit, Mict 
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thousandths of an inch, there appears 
to be a cast or dendritic structure. 
This low elongation or so-called brittle- 
ness in the joint is held responsible for 
the lower ultimate tensile-strength 
figures. On the other hand the gold- 
nickel joints did not show this drop 
in elongation as the clearance increased. 
This, of course, is because the gold- 
nickel alloy is, in itself, very ductile. 
We believe these tests show a true 
picture; however, we do not believe 
that the so-called brittle condition is 
indieative of an inferior joint. Here is 
where interpretation of data comes in. 

First of all, to test the actual bond 
strength of an extremely ductile alloy 
brazed with a less-ductile filler material 
is virtually impossible using standard 
techniques. Consider what happens 
when a butt-brazed tensile bar is stressed 
in a tensile ductile 
base metal will elongate considerably 
after the yield point is passed while 
the joint area will remain rigid. This 


machine. The 


throws high stress concentrations at 
the edges of the joint which will cause 
a jomt failure 
the vield point and the breaking point 
of the base metal. The reported ulti- 
mate strength, then, is actually not 
the bond strength of the joint but an 
average stress across the joint cross 
section. If it determined 
by some simple and accurate means, 
no doubt it would be found that the 
joint stress was much higher than the 
buse-metal ultimate strength. If we 
study Tables 5, 6 and 7 again we will 
eases the nickel- 


point 


somewhere between 


could be 


see that in most 
chromium alloys had a yield 
equal to the vield point of the base 
metal. No stress concentrations oc- 
curred below the vield point because 
both the base metal and the joint 
were stretching uniformly (elastically). 
In other words, the reason the joints 
with the 
higher breaking strengths is because 
the greater diffusion more 
elongation of the joint. 
in less stress concentrations. 

Some of the joints did, however, break 


closer clearance exhibited 
caused 
This resulted 
in machining and some broke below 


Brazing Filler Metals 


Discussion 


the base-metal yield point. This defi- 
nitely is due to an abnormally low bond 
strength. This weak bond should not 
be considered as an abnormality in 
the brazing alloy. Nor should it be 
considered due to brittleness It is 
possible to have a brittle material with 
very high bond strength. This weak 
bond should be considered as an ab- 
normality in the brazing cycle. There 
are many factors in the brazing cycle 
that could cause this as will be men- 
tioned later; however, one thing could 
be mentioned here. We have found 
that weak bonds in joints of wide 
clearances are sometimes caused by 
insufficient alloy applied or insufficient 
flow to completely fill the joint without 
shrinkage. 

The next topic of discussion should 
pertain to the property ol ductility 
in joints brazed with the nickel-chro- 
mium alloys. There are very few com- 
mercial brazing operations where the 
time, temperature, clearance and other 
factors of the brazing cycle can be 
specified and controlled to the extent 
that a joint of 20 to 40°, elongation 
will be provided as reported on some 
of the test bars in this report. How- 
ever, there are hundreds of components 
successfully operating today in aircraft 
and nuclear reactors under high tem- 
peratures and high stresses, that have 
been brazed with these alloys. The 
reason for this success is because these 
high percentages of elongat on are not 
actually needed in service. The maxi- 
mum strength properties that can be 
used in any brazed joint in service are 
bond strengths equaltoorslightly greater 
than the yield point of the base metal, 
and sufficient ductility to relieve stress 
concentrations occurring in 
According to Bock,' in his article on 
“Why Specify Ductility,” the percent 
of elongation of one to two percent is 
sufficient for almost any highly stressed 
component if it is properly designed 

Bock also stated that there are good 
reasons for specifying ductility in base 


service 


metals. These reasons, however, are 
related to controlling the quality of 


a material, primarily, and should not 
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be considered as a quantitat ve propert 
that will be used in service 
It is important then for designers and 
fabricators of high-temperature com 
ponents to re ilize that in i brazed 
joint it is not necessal to have duc- 
tility equivalent to the base metal 
The most strength that is possil 
use in service is a bond strength sligl 
higher than the vield strengtl 
base metal and, as mentioned 
sufficient ductility to resist 
centrations 
Now to get back to tl 
of this paper which pertains to the effect 
of clearance on a butt-brazed joint 
| do not wish to convey the idea that 
joints with wide clearances are aly 
as strong : Ol with narrow 
Lnces 
On wide joints there may be another 
the one of insufficient 
mentioned It may 


allo 


Speak! 
than a 
then, is strictly a matter of 
In other words on joints of hig 
such as turbine blades or turbine s 
the clearances and fits should be 
close and all the other \ iriabl 
brazing eycle should 
that thi 
obtained On th 1 hand on 
sheet-metal structure where 
is located in areas 
should be no worry if 
from say, zero to 0.006 In 

The author refers to lack of informa- 
tion about application of these alloys 
We quot It is disturbing to note 
that in spite of growing popularity of 
these new brazing alloys bas Intormis- 
tion defining the condition under which 
these allovs should be applied is still 
lacking.” We assume the author is 
referring to conditions of service her 
The good el vated-tempe rature stre neth 
properties and oxidation-resistant prop- 
erties previously mentioned b the 
author, their good resistance to corro- 
sion in fused metals and salts up to 
1500° F, their excellent flow and bond 
characteristics make these alloys usable 
in almost any kind of elevated-tempera- 
ture application. There are limiting 
factors, however but these factors 
pertain to the brazing procedure more 
than to the brazing alloy In other 
words, in order to braze certain alumi- 
num- and titanium-bearing base metals 
extremely thin materials (such as two- 
thousandths inch thick honeycomb ma- 
terials), clad material (such as stainless- 
steel clad copper) or components ol 
extremely complex design, the success 
lies in how the parts are to be brazed 
so that the joints will be satisfactorily 
bonded We agree that the amount 
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should be used 
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d where a brazing 
Foor higher can 
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excess of 


it the time at 
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lifference in the 
have been be- 
properties were 
il all be- 
ariables were 

1 However, in 


our experience has 


gritblasted sur- 
ing consistently 
aut temperature 
ctor in commercial 
the heating rate 


onsidered, especially 


mperature Is high 


2 hr to heat an 


izing-alloy liquidus 


perature, a holding 


n would probably 
rence 

not feel that the 
reached as far as 


h-temperature ap- 


oncerned Our research 


nting toward new 
direction. How- 
wfore the existing 
their ultimate, 
in developed, 
for researchers 
razing concepts 
steel, exothermic 
ind silver filler 
ger applicable to 


nts. Also, it will 


researchers to 


epts such as: the 
must be ductile; the braz- 
ot ontain metallie- 


compound formers such as phosphorus, 


the reluctance to 


pment and use of new 


where necessary in 
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means complete but fluxes, renovs] 
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JOURNAI and the Pin 
ind Lewis in Tue V 
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tion about brazing | | ih the | 
not hard to realize why th: nortant tor, t . 
s not complete if we realize that in tion shows that it is 
this el new field practicall every The 
brazed assembly tor ir- e however. that . 
onsidered in wor - borot N 
ng procedure hromium-silicon a 
1. Over-all desi shape of where maximum sti 
issem| resistance is desired 
2 Design of brazed te erature of 215+ 
Base metal tolerated Phe 
0) boron alloy No. 2 
be that the brazing rf tr thin base 
freezes to form a coarse dendritic or such base metals 
columnar structure that relatively treat tel erature nnot 
900 to 2000° | 
etc. thor mentio! 
sisting of such tactors at 
i blasting test ! lits This 1 
surface roughness, et Cau t iltimate 
} Brazing allo In as-received rea a or = test £ 
condition iuse ft t Dray 
Composition SO ireiu ontre 
bh) Cleanliness and homo- production brazing 
geneity before braz- shown that a propé 
Ing i Dest Or pro : 
5. Surface pre good results 
basting, brazing. But het 
6. Joint clearance — 
a) Zero clearance For example, if it te P| : 
b) Press fit sembly from th: 
to the brazing tenp 
lose tolerances til f 5 or 301 : 
d Clearance with not show much diff 
erances We certain 
Aplatio timate is been 
brazing alloys for 
| plications are 
) 2 developments in th 
joint ever, we do feel that 
h) Placement of allo illovs can be used ie 
oft it w hecome neces 
’ 2. He Vv mass next tor e that the o ; 
to light mass pertaining te mild 
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materials sare no lo 
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gas or el discard othet 
9. Fixturing, ing all : 
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10. Atmos consider the deve) 
ing nonharmful fluxes 
of order to get proper = ; 
Discussion 
at 


In order to Miprove components tor 
elevated-temperature service in air- 
craft and nuclear-reactor applications 
it is of course necessary to design with 
the latest and best high-stre nygth allovs 
To reach the ultimate performance at 
the most economical figure, designing 
lor brazed joints Is also 
The following recommendations are 
made for future research on brazing 

| Develop brazing alloys with even 
better cleanliness and flow) properties 
that have equal or better oxidation 
and corrosion resistance 

Develop alloys with shorter melt- 
ing ranges and proper melting tempera- 
tures for the specific base metals used 

3. Develop less complicated and 
more reliable brazing techniques that 
will insure a good bond for any type 
of base metal under production con- 
ditions. Such things as purer atmos- 
pheres, high vacuum techniques and 
fluxes, such as volatilizing or disappear- 
ing fluxes, perhaps are a few of the things 
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that should be investigated most ex- 
tensively 

Conduct tensile-shear tests and 
butt-tensile tests to a specified elonga- 
tion (such as 2 to 5°,) rather than to 
failure. This should be sufficient in 
most cases to determine if the brazed 
joint has satisfactory strength for serv- 
ce These should be conducted at 
elevated temperatures as well as at room 
temperature 
5. Stress-rupture tests should also 
be conducted on brazed speciinens to 
determine their properties change 
adversely with respect to time at ele- 
vated temperature, particularly in 
shear?" It may be possible that) in 
stress-rupture tests the joint is not 
subjected to stress concentration as 
severely as in standard butt, tensile and 
shear tests. If this should be true 
then the test would be a more accurate 
evaluation of the true joint strength. 

6. Elevated temperature tests should 
be conducted on the gold-nickel alloy 


to determine if its properties are still 
relatively good 

In conclusion then, we believe that 
future research should) be conducted 
wherever possible and by whomever 
possible in which new, unbiased con- 
cepts be used to engineer joint designs 
brazing procedures, physical and chem- 
ical property requirements, brazing- 
alloy development, brazing-alloy selec- 
tion and brazed-joint testing. If such 
research is conducted on the same high 
plane as this plece of work, then prog- 
ress will be rapid in this young and ex- 
tremely important field 
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The author wishes to thank Messrs 
Miller and Peaslee for their extensive 
discussion of the paper There is little 
to comment on the latter part ot the 
discussion, in) which they admirably 
enumerated the factors to be considered 
in establishing a proper brazing proce- 
dure, and suggested avenues of future 
research, The author, however, finds 
it difficult to concur with the idea that 
there is really basic conflict between 
the “old” brazing concepts and the 
concepts for applying new brazing al- 
lovs In brazing, as in any other beanch 
ol technology, the foremost guiding 
principle has been and will continue 
to be the use of materials and processes 
which accomplish the purpose mest 
economically with the least complica- 
tions. To this end, the “old” brazing 
concepts remain as valid for the new 
brazing allovs and associated brazing 
procedure as for “mild steel, exothermi 
atmospheres, copper silver filler 
materials.” Although the author is a 
newcomer to the brazing field, he knows 
of no “old-timers” who fail to recognize 
the above principle and who insist that 
the brazing alloy must be ductile and 
must contain no metallic-compound 
lormers 

The important which the author 
would like to have cleared up pertains 
to the effect of joint clearance on joint 
strength It is commonly recognized 
that the state of stress across a brazed 
joint during tensile testing is a complex 
situation The iuthor In general 
wrees with Messrs. Miller and Peasle 
on their stipulation on the possibility 
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(B)—Affter tensile test 


Fig. C-1 AIS! 405 butt-brazed with Ni-Cr-Si alloy at a clearance of 0.002 in. 


X 100 


of stress concentration across a joint 
consisting of a ductile base material 
brazed with a less ductile filler ma- 
terial. However, this stipulation as- 
sumes a homogeneous joint structure 
and thus fails to recognize the effect 
ol compound phases, which prevails in 
the thick (large clearance) joints brazed 
with the Ni-Cr-base alloys under dis- 
cussion In this case, the stress con- 
centration will be more effeetive around 
the compound phases, rather than at 
the base material adjacent to the joint 
interface, as stipulated in the discussion 
In Fig. C-1 are two photomicrographs 
of AIST 405 butt-brazed with the Ni-Cr- 
Si-ulloy at a clearance of 0.002) In 
hefore and after tensile testing It is 
clearly indicated that the fracture oc- 
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curred not at the joint-base metal inter- 
face, but along the plane where the 
brittle phases were segregated prior to 
test It has been found that the em- 
brittling effect of these phase s Is even 
better demonstrated in impact 
test. The failure of some brazed speci- 
mens (with large clearances) during 
machining was due primarily to the 
impact received during machining, 
rather than to the lack of brazing alley 
in the joint. Whereas a cearse dentri- 
tic or columnar structure is generally 
weak as the discussers pointed out, such 
a structure did not exist in the joints 
under discussion except with respect 
to the formation of a continuous laver 
of the brittle phases at large clearances 
As explained in the paper, these layers 
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are conducive to premature failure of 
the joint 


| rom thr foregoing comments it 
must be concluded that the higher 
breaking strength exhibited. by 
with “zero” clearance originates from 


the absence of the brittle phases Wit! 

out these phases, the joint itself neither 
suffers stress concentration nor vields 
plastically until the ultimate strengtl 
of the base material 1 ipproached 
That this is so follows from a consider 
ation of the radial stress exerted on the 
joint by the surrounding base material 
which restricts the longitu exten- 
sion of the joint As a result, the ef- 
fective vield strength of the brazing 
alloy in the joint is raised to a value 
the yield strengtl 


conside rably abn Ve 


of the bulk brazing ov. In Tables 
5. 6 and 7 the eld-strength values 
pert nm te theo r t brazed specimens 


id not to the braz 


ny alloys, as interpreted by the dis 


ist Lil it vel S i 
erior to one | ad ta sD er eal 
ince depends o t! definition of infe 
ont Based the metallurgi 
at tl olnt-bas meta nter- 
i hould be just S 
sound as a thin one. However, from 
the viewpoint of load-carrving capacity 


1 


a thin joint without the brittle phases 
s definitely superior 


In conclusion, the author would like 


to thy pDuUurposc lol which 


thi iper under d Ission Was written 
This paper . int to show some 
Dis racterist brazing alloys 
den nsideration when 

t allov for a 

rt The paper em- 
asthe a ntages of having a 
G-solution ft brazed jomt over a 

! it! t ! rostructure 


It was never intended to imply that the 


gold-IS  nicke ) as such, was 
better than an the Ni-Cr-base braz- 
ng l ih lnpression Wis 
reated in the paper, the author hopes 


that it will be cleared by the helpful 
dis {rl \Iessrs Milles and 
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{ Jlandbook on the Properties of Cold 
Worked Steels. L. J. Ebert, Case In- 
stitute ol Technology for Watertown 
Arsenal Laboratory, U.S. Army Jum 
1955. 113) pages. Order PB 121662 
from OTS, U.S. Department of Com- 
Washington 25, D. C., 33. 
Data gained from five vears of rese arch 


into the extent to which cold worked 


merce 


steels might replace the more strategi 
heat treated alloy steels are contained in 
this volume. The engineering informa- 
tion is presented in basic handbook for- 
mat for the use of design and ordnance 
engineers. The data, its analysis and 
conclusions resulted from many thou- 
sands of tests of the engineering appli- 
eability of cold worked steels. The data 
are typical of steels which could be sup- 
plied by industry. The first section of 
the handbook, useful particularly to new 
users of cold worked steel, contains a 
tabular presentation of the important 
engineering properties of the material 
and factors to be considered in design 
selection. Chapters deal with mecha- 
nism of cold working, composition effects 
residual stresses directionality bene- 
fits and limitations, and guidelines to 
selection and cost of the cold worked 
product \ final section reviews success- 
ful applications of the material. 
Interrelation of | atique Crac king Dan p- 
ing and Notch Sensitivity. L. J. Demar 


University of Minnesota for Wright Au 
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Development Center. U. S. Air Fores 
March 1957. 164 pages (Order PB 
131025 from OTS, U.S. Department ot 
Commerc Washington 25, D. ¢ 

$4.95 This volume is the fourth in a 
scries dealing with the general subject of 


fatigue cracking Results of previous 


studies are summarized, including ob- 
servations on the cl inges In damping as 
a function of frequency, stress level 
and stress history at a given stress level 


Relations 
fatigue, and notch sensitivity of metallir 
The body of the 


imong damping elasticity 


materials are discussed 
report contains results Of numerous 
fatigue tests performed on a variety ot 
metallic materials in which observations 
were made of the changes in damping 
ind stiffness properties of the specimens 
and of the development of fatigue macro- 
cracks. These test results are discussed 
In relation to previous Investigations, 
and new relations between dynami 
properties of materials are evolved 
| sed for the Investigations were alloy 
N-155. a high-carbon steel in two condi- 
tions of heat treatment, grav iron, alu- 
minum alloy, J-] magnesium alloy, and 
SAE 1020 stee! 
1n Investigation of Intergranular Oxi- 
dation in Stainless Steele and Hiah- 
Vickel Alloys. Siebert and others 
University of Michigan, for Wright Al 
Development Center, U. S. Air Force 
53 pages Order PB 121795 
from OTS. | S. Department of Com- 
merce Washington 25, D. C., S1.50 
When a meta 


medium, a continuous oxide layer is 
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s subject to an oxidizing 


isually formed on the exposed surface 
me 


This oxide laver generally inereases 


thickness with increasing time or 


Research News 


temperature changes \\ th some alloys, 
however, oxidation also occurs in the 
houndaries ahead of the metal- 


nterface phenomenon ts 
xamined in this report. Intergranular 


“dation measurements were made on 
oxidized Chrome Hastelloy B, 
wuum-melted 


ind ind 

type 310 stainless steel alloys. In gen- 

era ntergranulal penetrations in- 

reased rapid th stress alter a cer- 

tain minimum ilue re ached. This 
nimul ilue, or threshold stress, was 

letermined tor ¢ iloy at various 


temperatures, along with the weight 
gained during oxidation Among the 
results, it was found that most of the 
parabolic oxidation 


Investigation of — the Creep-Rupture 
Properties of Mo-V Low-Alloy Steels. P 
Shahinian and J. R. Lane, Naval Re- 
h Laboratory May 1957. 23 
pages Order PB 121953 from OTS, 
U.S. Department of Commerce, Wash- 
75 cents.) It appeared 
from this research that the content of 
nolybdenum, a strategically-scarce ma- 
ed in low-alloy steels 
ind replaced by vanadium, which is in 
greater supply, without affecting the 
high-temperature properties of the alloys 
n standard ust Creep-rupture proper- 


ties were determined for low-alloy steels 
ontaining more vanadium and less 
bdenum than the usual composi- 
tions The high-vanadium steels (0.5 
to 0.7 percent ere superior to the low 
tvpe it in both 
strength and ductility A reduction in 


bdenum content was affected with- 
it lowering strength at 1100° F. 
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CRACK INITIATION AND PROPAGATION IN THE 
V-NOTCH CHARPY IMPACT SPECIMEN 


Simple variation in the Naval Research Laboratory 


low-blow lechnique permit differentiation between 


the crack-inilialion and crack-propagation stages 


of fracture in V-notch Charpy tmpact testing 


BY CARL E. HARTBOWER 


ABSTRACT. It has been suggested that 
guished trom 
ductile fracture by the manner in which 


brittle fracture may be distur 


the initiating crack is propagated i 
brittie-lracture rach propagated b 
continuous release of the elastic-stress fie ld 


irrounding the crack, whereas a duc tile- 
fracture erack requires plastic deformation 
work to extend the cra k SOC MUSE t he 
energy ilue obtained from eonve ntional 
V-notch Charpy Impact tests integrates 
the erack-initiation and eras K-propagation 
stages of the Iracture process, 1b Was 
deemed necessary to investigate a modifi- 
eation of the conventional Impact testing 
technique to permit differentiation be- 
tween the erack initiation and propagation 
stuges 

Two ipproaches were investigated 
Both involved the initiation of a erack by 
means of an initial low-energy blow of the 
impact-machine pendulum The first 
method determined the highest tempera- 
ture at which the initial low blow caused 
complete fracture of the test specimen, 
1. the temperature it which the low- 
blow-initiated crack propagated by con- 
tinuous release of the elastic-stress field 
cle veloped by the initial blow Phe second 
method required the measurement of 
lateral eXpansion alter the erack-initi iting 
low blow and again after a second, frae- 
turing blow The use of lateral eCXPAnsion 
is a mensure of the plastic-deformation 
work was bas do on the previously estab- 
lished proportionality between lateral ex- 
ibsorbed (work done 
When the 
fracturing blow did not produce a signifi- 
lexpansion, the plas- 


pansion and energy 
in fracturing the test bar 


cant Incrense in latera 
tic-deformation work done in extending the 
initiating crack was essentially zero and 
onsidered to be brittle 
temperature permitting crack 


the Irneture Vas 
The highest 
propagation without plastie-deformation 
work to extend the crack was taken to be 
the brittle-fracture 
ture 

Multiple low blows delive red at or below 
the brittle-fracture transition temperature 
provided possible xplan ition for brittle 
fractures in service which have occurred 
under conditions of static load and/or 


transition tempera- 


C. E. Hartbower is Chief, MetalsFabrication 
Branch, Watertown Arsenal Laboratories, Water 
town, Mass 

i ontained herein are the 
private ones of the author and are not to be con 
strued aa official or reflecting the views of the De 
partment of the Army 
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low nominal stress. For example, speci- 
mens trom highl, noteh-tough material, 
subiected to an initial low blow of 20 ft-lb. 
fractured under a single idditional 10 ft-lb 
Cupac4ity 
plastic deformation ittending the second 
tested 


Thus, 


an analogy is suggested between perform- 


low blow with no mexssurable 


crack-propagating blow when 


below the transition temperature 


ince as observed in the laboratory test 
specimen and the case of a bridge, ship, 
or storage tank which is subjecte d to local 
plastic vielding (and possibly eTrack 
tion) at points of stress concentration in 
one load evele, and then fractures in a 
brittle fashion in a 
involving low nominal stress 


s ibseque nt load evele 


Introduction 
Background 


The following report is the third of a 
series with the over-all objective of eval- 
uation and improvement of the Charpy 
impact test. The first paper discussed 
the Poisson effect as it occurs in Charpy 
impact specimens.' It demonstrated 
that the deformation attending the 
fracture of a Charpy bar can be meas- 
ured as either lateral contraction occur- 
ring under the notch or lateral expansion 
at the compression surface of the test 
bar. In pearlitic steel, a linear relation- 
ship was shown to exist over an appre- 
clable range of energy absorption be- 
tween lateral contraction, lateral expan- 
sion and energy to fracture. 

The objective of the second paper was 
to evaluate certain performance criteria 
and a particular definition of transition 
temperature for use in V-notch Charpy 
slow bend tests.2 Transition tempera- 
ture was defined as the highest tempera- 
ture at which sudden and complete 
fracture occurred at maximum load, 
i.e., zero energy after maximum load 
(Fig. 1). 
(1) an experimental observation by 
Raring that the start of crack propaga- 
tion in the thickness direction of V- 
notch Charpy slow-bend bars coincides 
with the maximum in load as deter- 


The definition was based on 
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mined from the load-defleetion  dia- 
gram,*® and (2) a suggestion by Orowar 
that one may differentiate betwee: 
ductile and brittle fracture by noting 
the manner in which the initiating crack 
is propagated; a brittle-fracture crack 
is propagated by continuous release of 
the elastic-stress field surrounding the 
crack, whereas a ductile-fracture crack 
requires plastic-deformation work to 
extend the crack. Thus, with zero en- 
ergy (work) after maximum load, frac- 
ture was considered to be brittle The 
deformation (lateral expansion) meas- 
ured in the specimens which suddenly 
and completely fractured at maximum 
load was assumed to have occurred prior 
to crack propagation. 
amount of deformation was found to 
occur in V-notch Charpy slow-bend spec- 
imens at the transition temperature; 
it was concluded that the amount of 
deformation attending brittle fracture 
provided a measure of the relative em- 


An appre iable 


brittlement of a series of steels or a given 
steel under various metallurgical con- 
ditions. Based on the assumption that 
the deformation measured in the frac- 
tured test specimen preceded brittle- 
crack propagation, it was concluded 
that the deformation measured in speci- 
mens developing brittle fracture re- 
flected only the crack-initiation stage ol 
fracture, i.e., the resistance of the ma- 
terial to bending and formation of the 
initiating crack 

In V-notch Charpy impact testing 
the energy value read from the cali- 
brated machine pendulum constitutes an 
integration of the various stages of the 
fracture process, 1.e., a Summation of the 
energies required for bending, crack ini- 
tiation, and crack 
technique used at the Naval Research 
Laboratory® provides a method for sep- 
arating the crack-initiation and crack- 
propagation stages. In the work con- 
ducted at NRL, specimens were tested 


propagation. A 
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VERY SMALL CRACK OBSERVED 
-150 -100 -50 +50 +100 +150 
Fig. 1 Crack initiation and propagation in V-notch Charpy TEMPERATURE (°F) 


low-bend testi 
Fig. 2 Transition behavior obtained from low-energy blows 


The depth of the initiating crack is essentially constant up to maximum load; 
whereas, the width of crack increases laterally until at maximum load the 
crack extends to the sides of the test specimen. Beyond maximum load, the 
crack propagates in the thickness direction with an attendant loss of load- 


carrying capacity. When the initiating crack propagates by continuous Heated to 570° F, held 3 hr, air 
release of the elastic-stress field surrounding the crack (zero energy after ooled 
maximum load), the fracture is considered to be brittle 1] — 
( andition ( fiardness Re 45) 
Prehe ited to 1150 F 
b. Heated to 1550° F (bumper fur- 
in an impact machine in the conven- strength) in the AISI-4340 steel: nace I | for 15 min, oil 
tional manner except that the kineti Condition A (Hardness Re 27) quenched 
energy ol the hammer was varied by a. Heated to 1600 F, held 1 hi Packed in di ice for 10-12 hr 
changing the mass and or velocity of the oil quenched Heated to 780° F, held 2 hr, oil 
hammer. Using multiple low-energy b. Heated to 1200° F, held 1 juenched 
impact blows on medium-carbon steels, hr, oil quenched e. Heated to 375° F, held 3 hr, 
the investigators reported that the en- Heated to 570 F, held 3 hr. au ir CoC | 
ergv required to initiate a crack is con- cooled Che microstructure produced by the 
stant over a wide range of temperature Condition B (Hardness Re 34 ibove heat treatments was as follows: 
whereas the energy absorbed in extend- a. Heated to 1600° F, held 1 hr Condition A (Re 2 tempered mar- 
ing a crack varies with temperature oil quenched tensite with considerable fine carbide 
Fig. 2). b. Heated to 1080° F, held present and some evidence of grain- 
Objective 
It is the obj etive of this investigation ¥6 
to introduce a simple variation in the CONDITION B (Re34) 
NRL low-blow technique which wil + 
Fig. 3. Energy temperature and fi- 
permit differentiation between the crack- g P 
brosity-temperature transition curves @ ENERGY 
initiation and crack-propagation stages 60 
of fracture in V-notch ¢ harpy impact As obtained by conventional V-notch Charpy ty 
testing impact tests of material-conditions A, B and C 60 TN 20 
my 
\ 
Materials 
0 x 40 
The material used in this investiga- 
tion was a single heat of steel pur- CONDITION A (R27) 
chased in the form of square \ 
hot-rolled steel rods 200 -i60 -126 -80 -40 +40 
The chemical analysis obtained from é0 
20 samples picked at random from the CONDITION (Rc4S) = 
FiBROSITY 
| | 
0.37-0.38 0.75-0.77 | 
q 
0.27-0.28 0.013-0.015 
P 20 160 60 
0 O18 0.016 1.73-1.77 | | 
Vo | | | 
*200 -160 -i20 -80 -40 +4 60 40 ° 80 +120 
Three heat treatments were used to 
develop variation in hardness TEMPERATURE (°C) 
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ty 
4 


Condition B (Re 34 mipered 


tensite with on i small amount ot 


carbick present around — the 


tin boundaries: the strueture showed 


vr 
‘ len wiculurit 

Condition C (Re 45)—tempered mat 
boul the struetu 

Figure 3 sents the transition curves 
is obtamed tions testing 
procedure for material-conditions A, B 
ind C.* From thes inves it be 
noted that ther ! ttle difference 
indicated betweer iterial-conditions 
{ and B except in the energ level 


to the upper portions of 
thi Curves \Ia- 
terial-condition C, on the other hand, 


ix indicated to be relatively notch-sen- 


eorre sponding 


temperature 


sitive with no abrupt transition from 


high to low energy values, 
Test Methods 


The proposed Variition mn low-blow 


technique consisted of three steps 
First, the energy to initiate cracking 
second, the effect of 


ductile-fracture 


was determined 
temperature in the 
range) on the incidence and extent of 
initial cracking was investigated: and 
third, the onset of brittle fracture was 
determined by noting the highest tem- 
perature at Which either the crack- 


initiating low blow resulted in complete 


fracture or the low-blow-initiated crack 
propagated under a second blow without 
evidence of plastic-deformation work 

To determine the crack-initiating 
energy level, specimens were delivered 
t variety of low blows with one blow 
to a specimen After delivering a low 
blow, a drop of india ink containing a 
wetting agent was deposited the 
Charpy \ 


Which did not fracture under the initial 


notch o those Specimens 


blow By action of the wetting agent 
ana capillarit the ink flowed Into the 


ern k 


urfaces black The test specimens 


crack, if present, staiming the 
were then fractured by means of a full 
blow of the impact-machine pendulum 
Examination of the fracture surfaces 
for the presence of staiming established 
the crack-initiating energy level for 
the materials under investigation 
Attention is invited to the tact that 


thr dlistinetion between the crack- 


initiation and crack-propagation stages 
of the fracture process was less precise 
than the 
This was dictated by the practical diffi- 
between the 


author would have liked 


eultyv of distinguishing 
crack-initiation 
It was found (Figs. 4, 
6) that in the first stage, the initiating 


various stages of the 


process 5 and 


* Data supplied t the courtesy of Messrs 
DeSisto and D. Driscoll of the Mechani 
eal Metallurgy Branch, Watertown Arsenal Lab 
oratories 

t Even metallographic examination sometimes 
failed to disclose an extremely-fine initiating 
shear crack which could be detected only after an 
external load was applied to the metallographic 
specimen while being viewed on the microscope 


Ref. 8. V. Arnold, unpublished study) 


crack consisted of shear with so. little 
separation ol the fracture surfaces that 
detection by eapillary ink staining was 


In the se 


cond 


hot re produc ible.7 


Fig. 4 Initiating cracks in material- 
condition A (R,. 27) 


The upper photomicrograph shows typical 
cracks produced by a 20 ft-lb low blow at 
—100° C; the lower, by a 30 ft-lb low blow 
at —100° C. X 100 (Reduced by upon 
reproduction) 


Fig. 6 


Initiating shear crack 


Produced by a 12 ft-lb low blow in material-condition C (Rv 45) at room temperature. 


upon reproduction) 
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of cracking the initiating crack ¢ hanges 
direction, extending perpendicular to 
stress At this stag 


ink staining provided an easy and re 


the principal 


producible method of crack detection 
Therefore, for purposes of this invest 
the term 
low-blow 


gation, initiating crack 


reters to induced CTUCK 


which can be detected by ink staiming 


Fig. 
condition B (R,- 34) 


Initiating cracks in material- 


The upper photomicrograph shows typical 
cracks produced by a 15-ft-lb low blow at 
—100° C; the lower, by a 20 ft-lb low blow 
at —100° C. X100 (Reduced by upon 


reproduction) 


x 1000 


(Reduced by 
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— 
A 
: 
x 100 


Fig. 7 Extent of cracking as a function of temperature 


The depth of the initiating crack produced by a given low blow (30 ft-lb in this i 
At —80 and ~—120° C, the 30 ft-lb blow resulted in ink-stained cracks as illustrated 


ture 
The —140 ¢ fracture oc 
and —120 C 


typical for all higher temperatures tested. 
the same depth as ink-stained cracks at —80 


lustration) was found to be essentially constant over a wide range of tempera- 


The cracking shown for —8 C (100% fibrous fracture) is 


curred as a result of the initial blow with the initiating fibrous crack approximately 


Using the erack-initiating low blow Zi indi 45 initial cracking ! letection means ot 
specimens wert then tested with a full- ppenredl te is a result of tl nk st: Ing ut ft first stage of crack 
energy blow over a wide range of tem- shear stress at 1 ree surface of the nitiation < found to be uncertain. 
perature producing ductile fracture V noteh (Fig 5 and 6 ny nitiating erack 
To control the extent of possible strain vas obser ti ir in two stages nged direction and became fibrous 
aging, the time between delivering the Tnitiall t at st to be both a 
blow nna subsequent fracturing of the \ t ) to the nterii re i method 
test specimen was held to 24 hr plus nd at eit t] of tl t 
or minus S hr Botl the low blow whined notel on tra t 
sume temperature effect ot test rt t t rn | t! is t iterial in condi 
ing temperature on the ineider ane direction. t ont ormal to t . (ie 2 of 15 or 20 
extent of low-blow cracking is notes t t Phi \tensi ng as deter- 
by observing thr tuining on tl t ! | tio t With a 25 ft-lb 
erack surfaces after such sp Ss wel dicular to ) tress t shear cracks 
fractured In addition to the preset second stag tur t the notel 
of cracking, the following data wer hese t ( ! At 30 () ere 
recorded 1) magnitu ‘ ( t to as the shea ous fracture 
hb) temperature of test speci port t tinting crack | tinting fibrous 
lateral expansion produced by the lo | it ! ther . ! eiven low-blow 
blow, (d) lateral expansion in the frae- tt lifferes the sl y to be largel 
tured specimen.t and energ } ort t tinting ture over oa 
sorbed in the fracturing blow vl t t! ig 

resolve lestions on. tl effect t t condition B 
of deflection velocity. a smaller hamn t| liscontinuous ratu ow blow 
was attached to the impact-ma ‘ n itio king as de- 
pendula in leu of the standa instal t With a 20 itt 
Thus t rtions of the fibrous | <tuined fibrous 
energy ley the smaller hammer raises at ! t} At 25 and 30 ft-lb 
to a great height pre led a hig roken test spe WTOSSIVE deeper 
hammer velocity Test ils n. ft of the initiatine { <tent { nitinting fibrous 
conducted using crop hin ! stinguished becaus vas t irgely indepen- 
which t possible to evalunte thy Ol the =] ot] ) rit tu over a wick range 
crack-initiating energy level over the shesr lr iterial-condition \ In t iterinl-condition ¢ 
somewhat wider range of deflection nl B, both tl shear and R, 45 t erature low blow 
velocities portions of t tinting crack ! it lueced no eracking as 

ol broken test specimens at all tempera It-1D 1 stall shear crack was 

The Initiating Crack tures down to and including the brittle- observed With 15 ft-lb blow, speci- 
In all three material onditions fracture transition temperature Fig ens fractured with an energy ab- 

7 In material-condition mothe rption 6ft-lb Subsequent 

other hand, the fibrous portion of the tests to determine the crack-initiating 

* When the low blow was sufficient to cause initiating crack disappeared at low ene! level were conducted at +120 
fracture, the alue of energy absorbed in fractu . r 
ing the specimen was recorded testing temperature leaving only the ( At this temperature, a 13° ft-lb 
shear portion in evidence. low blow was found to produce a stained 


occurring in the fractured test specimen Beeause of 
ure of the deformation work required to 


propagate the initiating crack was determined 


a meas 


plastic 
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the extreme fineness and 
sometimes discontinuous nature of the 


crack 
and 15 


Low blows of 


the other hand, 


Fig. S 
ft-lb, 


shear 
14 
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80°C 120°C 140°C : 
| 


13 ft-lb 
Fig. 8 Extent of cracking as a function of energy in material-condition C (R- 45) 


14 ft-lb 


Unlike material-conditions A and B, a small increase in the energy of low blow caused a marked increase in the depth of the low-blow induced crack 


(+-120° C) 


caused a marked increase in the depth 
of the low-blow-induced crack. 

In all three material conditions, the 
initial eracking occurred on shear- 
stress trajectory, progressed for a short 
distance under the notch, then 
changed direction under action of the 
principal tensile stress to form a fibrous 
crack. Based on the presence of a 
fibrous crack as defined heretofore, the 
approximate crack-initiating energ) lev- 
attendant deflection rates) 
were as follows 


els and 


Vaterial Eneray 
condition ft-lb 
A (Re 27 30 
Bi Re 20 


Velocity 


Effect of Velocity 
Because the 
troduces a variable deflection rate, a 


low-blow technique in- 


check was made as to whether there was 
a velocity effect in the case of material- 
conditions A and B. Therefore, the 
60-lb pendulum hammer was replaced 
with a 15-lb hammer; thus, for a given 
low-energy blow, the 15-lb hammer, 
raised to a greater height, increased the 
striking velocity by a factor of two. 
In material-condition A (PR, 27), the 
energy level corresponding to initiation 
of a fibrous crack was the same for 
both hammers (30 ft-lb at 5.7 ft see 
with the 60-lb hammer and 11.4 ft/sec 
with the 14-lb hammer) Results in 
material-condition B (RR, 34) using the 
15-lb hammer were anomalous in that 
slightly less energy was required to 
initiate fibrous cracking with a 60-lb 
hammer (20 ft-lb at 4.6 ft/sec) than 
with a 15-lb hammer (25 ft-lb at 10.4 
ft sec), 

The expected effect (if any) of in- 
creased deflection rate was to produce 
cracking at a lower energy level. To 
behavior in 


resolve the anomalous 


{OS-s 


condition B and to obtain a wider 
range of velocity, drop-weight tests 
were conducted. The results confirmed 
the crack-initiation energy level ob- 
tained with the standard 60-lb hammer. 
Moreover, variations in drop-weight 
velocity between 4 and 16 ft see had 
no effect on the energy required to 
initiate cracking. The anomalous be- 
havior with the 15-lb hammer was 
attributed to vibration losses. * 
Effect of a Crack on Transition Behavior 

A previous investigation by Zeno and 


Low compared thi performance of 


standard V-notched Charpy specimens 
with Charpys containing a shallow 
fatigue crack at the bottom of the V 
notch. The latter were designated by 
the investigators as V-notch Charpy 
bars with an “infinitely’’ sharp notch. 
The sharp notch was introduced by 
subjecting finish-machined V-notch 
Charpy bars to constant-force fatigue 
until a shallow fatigue crack of con- 
trolled depth (0.010) to 0.019 in.) 
was produced at the apex of the ma- 
chined V Transition 


eurves 


notch 


*In a study of the influence of pendulum 
flexibilities on  impact-energy measurements 
BLUHM has shown that energy lost by vibration 
in the impact machine pendulum can give rise to 
1 significant error in impact test results.® The 
study was prompted by the observation that 
material-condition C (Re 45) was found to frac- 
ture with remarkable and unfailing reproducibility 
in one pendulum-type machine having a capacity 

ft-lb (16.8 ft/sec) registering an energy 
rption of 13 ft-lb and, yet, with the same 
jucibility, fail to break in a second machine 
g a capacity of 16 ft-lb (11 ft-se« lo dem- 
onstrate the absence of a significant strain-rate 
effect, a series of impact tests w conducted us 
ing a drop-weight type ma ne The rigid 
masses were machined to weights corresponding 
to those of the pendulum machines of 16 and 217 
ft-lb capacities The weights were dropped from 
heights to provide the same energy and impact 
velocity levels as the pendulum machines. Both 
drop-weights (217 ft-lb capacity at 16.8 ft/sec 
and 16 ft-lb capacity at 11 ft sec) broke the test 
specimens (at room temperature) when the weight 
elevation was such as to provide 13 
able energy, but did not fracture 
when the weight elevation corresponded to 12 ft- 
Ib From these tests it was proposed that varia 
tions in impact velocity in the range investigated 
had little or no effect, and that flexibility “‘soft 
ness’ of the 16 ft-lb capacity impact machine 
was the primary factor in producing the anom 
alous effect 
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were obtained by standard testing pro- 
cedures, Comparing the relative po- 
sitions of the transition curves for 
standard V-notch Charpys and V-notch 
Charpy bars with fatigue crack 
(Fig. 9), lead to the conclusion that the 
standard V-notch Charpy 
approaches very closely the most  se- 
strain rate and 


specimen 


vere conditions — of 
notch severity which may be achieved 
in this size specimen, 

Thus, although a preliminary erack- 
initiating low blow results in a new 
depth and radius of notch, the findings 
of Zeno and Low suggest that transition 
behavior as indicated by energy-tem- 
perature transition curves may not be 
materially affected. 


Effect of a Crack-Initiating Blow on 
Transition Behavior 


In an earlier study of transition be- 
havior in V-notch Charpy slow-bend 
tests (see Ref. 2), brittle fracture was 
distinguished from ductile fracture by 
means Of a “self-propagating-crack”’ 
Transition 
slow-bend tests was defined as the high- 
est temperature resulting in a sudden 
and complete fracture at 
load (the point on the load-deflection 
diagram at which the initiating crack, 
having extended laterally to the sides 


concept. temperature in 


of the test specimen, propagated in the 
thickness direction). A erack which 
propagated suddenly and continuously 
at maximum load was referred to as 
“self propagating,” it propagated 
under action of elastic-stress energy 
alone rather than as a result of plastic- 
deformation work. 

It was the intent of the tests reported 
herein to apply the “self-propagating- 
crack”? concept to V-notch 
testing by noting the highest tempera- 
ture at which specimens failed under a 
crack-initiating low blow. 
the fact that the low blow consisted of 
the minimum energy required to ini- 


impact 


In view of 


WELDING RESEARCH SUPPLEMENT 


. 
15 ft-lb 
(ft/sec) 
-_- 
16 
3.8 

& 


STEEL A ] STEEL 8 possil ( aetect I the low-blow tech 

240} 4c 
TCHE energ used as per- 
penOTCNES formance criterion. For example, ma- 

- 200 200 
S terial-condition A did not fracture at 
as temperatures n to 196° C when 
uw | sul ted i 2U It-ll blow: whereas 
> 20 2 the Ol enti 1 transition curve in- 
2 a ites that t 196 C fracture 
4 80 80 should have occurred at approximate! 
7 {ft-lb \lor ver, the conventional! 
40 40 transition cur idicates that at 140 
( 22 ft-lb blow should have been 
6¢ 20 80 40 40 80 60 12 ac 40 sufficient to suse fracture: whereas 
TEMPERATURE °C four out of the eight specimens de- 
vered a 30 it » DIOW at 140 ( 
Fig. 9 Energy-transition curves from average impact values did not fracture. Similar behavior was 
observed in the ise of material-condi- 

The presence of a natural crack at the apex of the machined Charpy V-notch is shown to have little ‘ as 

effect on the transition curve tions B and ¢ o. Rak These dis- 
I es are ttributed to the fact 
that certan ortions of the kinetic 
g the lulum were not effec- 
tinte (ink-stained) cracking, it is hypoth- Delow SO” ¢ with the exception of ; ’ odu vy ture such as the 


esized that when fracture occurred the data from specimens which frac- elact nero developed in the 


under the initial blow, the energy of tured under an initial low blow, energy- snecimen at % nts of support and 
low blow vas largel dissipated as to-tracture ' les Te on a single curve n the ar ier upon impact 
plastic-deformation work necessary. té A similar bel or @as noted in the case al 
initiation of the erack, and therefore of material-conditions Band C (Fig. 11 Te ee n. rebound of the 
propagation ol the crack was accom- The highest temperatures permitting pendulur rete n the pendulum. 
plished by action of the elastic-stress the formation of a. self-propagating RS et Such energy losses pro- 
energy surrounding the crack rack were as follows nation for the tick thnk tie 

Figure 10 presents the energy-tem- 
condition A specimens prestrained 27 120) 
20 and 30 ft-lb blows using both 15- 34 120) ; 
and 60-lb hammers. The energy-to- C( Re 45 25 
fracture plotted in the ordinate is the fu 12). Thus 
energs ibsorbed the second full- The fact that w-energy blows wer ne rt ry n the impact- 
eapacity blow. Thus, when the speci ibsorbed without causing fracture at machine dulu s available for (1 
mens fractured under the first blow temperatures at which conventions loing =t ! tion work and 
the data were plotted on the abscissa full-capacity blows produced fractury 2) developing elastic-stress energy in 
indicating zero energy-to-lracture for a with less absorption of energy than that ay ee ; pe n or near the path 
second blow. At temperatures pro im the ioe blow. to 
ducing ervystallinitv the fracture 

80 

CONDITION 47 70 
70 Fig. 11 Effect of an initial low blow on 


tions B and C 


60 LB HAMMER 1-4 
- 


The dash curve is the conventional (single-blow 


transition curve from Fig. 3 


@ 20FT 8 LOW BLOW (9.2 FT/SE 
O 25 FT -.8 LOW BLOW (1lO4 FT/SEC 


CONDITION 8B 


5 LB HAMMER 
- 


EWERGY TO FRACTURE (FT-\8) 


rs) 
-200 -160 -120 -80 —40 0 +40 200 60 120 80 -40 ° 40 
30 


CONDITION C | 


(°C) 


Fig. 10 Effect of an initial low blow 
on transition behavior in material- 
condition A 


EMERGY TO FRACTURE (FT-L8) 


The ordinate is energy absorbed in the second 
blow; thus, data from specimens which fractured | ° 
under the initial blow are plotted on the abscissa 200 160 120 80 40 fe) 40 -120 -80 -40 ie) +40 +80 +120 
The dash curve is the conventional (single-blow) 

transition curve from Fig. 3 TEMPERATURE (°C) 
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Lateral Expansion as a Measure of the 
Plastic-Deformation Work Required to 
Propagate the Initiating Crack 


By measuring the lateral expansion 
occurring in the test specimen after the 
nitin! blow and again after the fractur- 
img blow, the difference provides a 
measure of the plastic-leformation work 
required to propagate the initiating 
erack When the deformation as meas- 
ired in the fraetured test 


shows no inerense over that me assured 


specimen 


ifter the low blow, the plastie-deforma- 
ite the 
considered to be 


tion work to propug 


crack is negligible 
From Fig. 13, the highest temperature 
producing brittle fracture was — 130 
Coin matertal-condition A 
in and +25° in 
plots for each of the different low-blow 

d 30 ft-lb for A and 15, 
20, and 25 ft-lb for B) and different 
deflection 60-lb 
hammers to produce a given low-blow 
indicated that 
tude and velocity of the initial low blow 


separate 
energies (20 an 
velocities 15 ind 
variations in the magni- 


within the ranges investigated had no 
significant effect on the erack-propa- 


vation stage of tracture. 


Multiple Low Blows to Simulate 
Cyclic Loading 
In «a reeent discussion of the brittle- 
Robertson — has 
which broke 


led to the realization 


fracture problem,* 

pointed out that a ship 
in two at dock 
that such fractures must not be attri- 
buted solely to high nominal stress 
values likely during storms and cer- 
tainly not to general vield in the ma- 
terial prior to fracture, for the agreed 


il 


stress in the fractured plates 
was of the order of only 5 tons sq in.” 
The fact that several catastrophic seryv- 
ice failures have occurred which appear 
to have involved little or no plastic de- 
formation has been of prime interest 
to many mvestigators. Orowan, tor 
example, has pointed out that in’ lab- 
oratory experiments with ductile steel, 
brittle fracture is initiated by large de- 
strong plastic 


formations producing 


constraint and usually some fibrous 
cracking before cleavage cracking can 
start; whereas, many service fractures 
seem to start without significant plastic 
deformation in spite of static loading.’ 

Certainly at a nominal stress of 10,000 
to 15,000 psi, general vielding would not 
bn expected in ship stecl. However, 
at points of stress concentration the 

ld strength may be exceeded at low 
\oreover, 


Vie 


nominal stress values 
strains caused by prior load eveles may 
have an influence on subsequent frae- 
ture It is suggested by the author 
that due to the 


service, plastic deformation and macro- 


evelic nature of most 


cracking may oecur mn one evele, and 
then in a subsequent evele involving a 
low value of nominal stress, be followed 
brittle 


by catastrophic fracture. For 


Fig. 12. Transition behavior in mate- 
rial-conditions A, B and C as indicated 80 — : 
by the sum of the low-blow energy and CONDITION B 
the energy-to-fracture 70| O1sFT-L8 Low BLOW & 
The dash curve is the conventional (single-blow) @20Ft-L8 Low GLOW 
transition curve from Fig. 3 60 O25Ft-.8 Low BLOW 
4 2- won 
or 
CONDITION A 
90 HAMMER — 
HAMMER LA 40 g 
2 30}+—+ t 7) — 
2 2 
«7 288 
7 60 + 
1 
-200 -i60 -120 -80 -40 +40 
40 
40 
=z odo ¢ 
° 
-t 
20 —+ 20 a > 
e 
-200 -!20 —80 -—40 +40 -60 -40 ° 740) +120 
TEMPERATURE (°C) 
A(R, 27) 
.030 
.040r- 
& .020 
O35F- 
O15 
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.020) 


LATERAL EXPANSION 


O15 


© 240 FY-.8 BLOW 

x LOW BLOW 

e 240 FT-.8 BLOW 
AFTER LOW BLOW 


| 0 | 
-40 +40 


010 
005 
-40 | 40 | 120 
fe) 80 160 


.005 


TEMPERATURE (°C) 


Fig. 13 Deformation-temperature transition curves for 4340 steel at three hard- 


ness levels 


When the deformation (lateral expansion) as measured in a fractured test specimen (@) shows no 
increase over that measured after the initial blow, the data are plotted on the abscissa (zero deforma- 
tion) and fracture is considered to be brittle. The data plotted as (o) and (x) represent total deforma- 
tion in that the lateral expansion was measured in specimens which fractured under a single blow 
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.000 
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» 
example i ship ma be subjected 
i storn it ea, return to port inta 
ind then having previous! 
plastic deformation at points of sti 
concentration CXPCTIChce ritt 
ture as a result of stresses develo) 
from a sudden drop in temperature 
shift in cargo 

An ol Is question arising fror 
discussion concerns the effect o 
cession of low blows (inst i sil 
low blo ( | ) i tu i i 
blo previous <tigater 
determine the effect. « tip 
blows, syn r 
livered initial blows bot] ho 
below the erack-initiating energ 
followes i l 
blows to ti Tests ore 
Let terial-condition A at 
na The t itures 

100 1° tor 
ft ritth ! tur t 
temperstul \t ¢ 
conaditye \ thst 
blows Th turing t | 
producing litiona ites 
\t 140° ¢ thy t 
Was not s nt luct te thist 
even 10) t bole 


it) 

) Blows 
 JOS0 
10 QO 4130 ) 
10) () 4135 

) Q 4075 
10 QO 4130 
10 4145 
raeture 6.5 ft-lb absorbed 

4090 0 
10) 4110 
10) 41600 
10” 41S0 0 
fractured, 0.0 ft-lb absorbed 

20 0 4025 0 
10 Q 4055 () 
10 0 4110 0 
4095 
fractured, 4.0 ft-lb absorbed 

20) 0 4020 0 
10 0 4040 0 
10 0 4070 0 
10 O 4110 0 
10 QO 4150 0 
fractured, 8.0 ft-lb absorbed 
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13-40) st 
rt} 4 
neu } 
\ ( 
\ 
ty 
2 Wi 
t 
t 
Int ond stage, the initiating s 
tiol t ont 
) t t rit =t? 
| | t 
ist is 
} | t nd duet tu 
the initiating 
tid tole is 
stant « range of t 
tu \t thy ritt 
tu transition ft erature 
1 TI iriation in deflect it 
ppro te te tt se ntro- 
duced by the low-blow technique did 
not have yor fiect on tl 
preset or xtent the initimting 
rack 
vhich were prestramed 
ind cracked ww blows of different 
energ evels d then fractured over 
range of ft ting temperatures b i 
fu 40 ft-lb wity blow, provided 
nergy-to-tractul ita whi ! plotted 
is a single curve at temperatures pro 
ucing  erystallinit in the fractur 
Surlace Thus, variations in the extent 
of the initiating crack, from microscopir 
shear to ink tained fibrous eracks. had 


th 


to propagate 


ettect amount ol 


the initiat- 


on 


COSSH] 


Ing erack Temperature was the con 
trolling factor 

6. Using iteral expansion as 
measure of plastic-deformation work 
it was possible to distinguish between 


ductile and brittle fracture by 


the 


Measuring 


lateral expansion associated with the 


Harthowe) Impact Testing 


fiat 
tured test | 

test tiating rack Wis 

In intera 

t lo thy 

tur britt The 

ne brittle 

thy 

ol thr 

t t lating low 

thi Test 


thi phest 
+ | im 
t tel ) iture 
| the f 
( ne tab 
\ 120) 
| 
( 2 23 
> the second (full 
! 
t effect of 
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O.000 to 15,000 
iterial-condi- 
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ibsequently 
| t ith no messur- 
tion attending the 


When tested at 

10 ft-lb blows 

lil Produ fracture 

t tion work attending 

is 

gested bet riormance in the 

itor test men and the case 

ridge, s r storage tank sub- 

t te which causes 

ist it points of 

stress trut ind) then frac- 

tures in a britt shion on subsequent 

iol Ininal stresses 

ind te eratu below the brittle- 
ture ~ 

Conclusion 
An easily ited irintion in the 
standard t w for testing V-notch 


Hichs Is presented 
The technique permits ase paration ol 


ind crack-propaga- 


tion stages of the Tracture process, 
ductile 
and brittle fracture is based on the con- 
crack Is 
release of 
the 
ductile-fracture crack 


between 
cept that i brittle-tracture 
ontinuous 


the elastic-stress field 


surrounding 


dO 1-s 


Summary Discussion 

Based heat of AISI 

Table 1—Material Condition A (/?,.27) 
Low b Lateral expansion (ir : 

— 

0 

0 

0 || 


requires plastie-deformation work to the two methods are, for all practical so obtained are approximately — the 
extend the crack. The measurement purposes, the same. same as those obtained by the brittle- 
of lateral expansion Poisson effect) If on the othe r hand, an arbitrary fracture criterion, 
provide sa sensitive gage ol the plastic- energ\ level, tor example, 20) ft-lb is ok 
Refe rences 
deformation work don 1) in erack used in determining transition tempera- 
the 1. Hartbower, C. 1 Phe P Ef 
Initiation and (2) in propagation of the ture (column (c) of the following n the Charpy Test,” presented at the 57th An 
initiating k table), the temperatures may be ex- STM 54, 929 
lwo ipproaches feasible ; pected to be different from those de- Hartbower, C. I rransit Bel 

P é V-Notch Charpy Slow-Bend Tests ented 

both involve the initiation of a crack termined on the basis of the brittle- the 58t Reneal set agg ASTM: WAL Re 


by means of at nitinl low-energ, blow. 


One approach determines the highest . 
temperature at which a crack-initiating 


low blow eauses complete fracture of Pemperature 

1/S/ L940 condition a)* 
the test specimen, the initiating \ 27 130 120 
crack propagates by continuous release B (Re 34 110 120 120 
of the elastie-stress field developed by C (Re 45 O95 + 25 120 
the initial low blow In the case of 
the highly notch-tough conditions A * Brittle fracture under the second (full-capacity ) blow. 


oF + Brittle fracture under the initial low blow 
R,. 27) and B(R, 34), there is a critical 

Iransition temper itures bused on a 20 ft-lb energy level. 
low-blow energy level below which a 


self-propagating”’ crack will not form). fracture criterion It will be noted port TR-11 ~. date Paid M 4 ASTM 
TI : Symposium n npa stin Specia 
The second approach involves the de- that the transition temperatures for \ 
very OF crack-initiating low blow material-conditions A and C as de- Tests of vv Note! 
followed by full-eapacity fracturing termined by the 20 ft-lb energy level ine of ASTM. “STM ver 
blow, and ts based on the concept that method do not check those obtained 1952 
whe the lracturing blow produces no the brittle-fracture criterion: where- Boe or 
measurable increase in late ral ¢ xpansion, as, the transition temperatures for Ra 
the plastic-deformation work required material-condition B do check. It is R., “Upper and Lower Transitions in Char 
to extend the initiating crack is es- believed that the reason for the latter a Tue Wevrvine Journat, 30 (9), 417 
sentially zero; such a fracture is there- is that the 20 ft-lb level in the case 6. Bluhm, J. I., “The Influence of Pen 
Flexibilit 1 Impact Energy Measurements 
fore considered —britth The highest of material-condition Bois approxi- WAL Report 112/88, ASTM Proceedings, 55 
temperature permitting crack propaga- mately the crack-initiating energy level > Seno. R. 8. and Low. J. R.. “The Effect of 
tion without plastic-deformation work for that condition. If the transition of Ship Fiske Bicel in the 
to extend the crack, is the brittle- temperatures are determined for each Bar Impact Test Pie Weeping Journat, 27 
Iracture transition temperature In material condition on the basis of Brittle Fracture Test 
that both approaches are based on the the minimum energy to initiate crack- 
same criterion of brittle fracture, the ing (i.e.. A 30 ft-lb, B 20 ft-lb, and C . 4. Orowan, E x nergy ries » of Pract re 
echnical Report o. 3. ONR Contract 
transition temperatures determined by 13 ft-lb), the transition temperatures 07870 . 1054 
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RELATION OF CHARPY IMPACT PROPERTIES 


TO MICROSTRUCTURE OF THREE SHIP STEELS 


Investigation covers the extent to which the fracture properties of 


three ship steels can be accounted for in terms of gross microstructural parameters, 


the necessary range of microstructures typifving those found 


in commercial plates and being obtained by simple heat treatments 


BY W. S. OWEN, D. H. WHITMORE, MORRIS COHEN AND B. L. AVERBACH 


ABSTRACT This paper deseribes — the 
relationships between t hie significant 
microstructural parameters s observed 
with the optical microscope 1 the 
brittle behavior of three sl Ip plates 
killed (ABS Class C), semikilled (ABS 
Class B) and a rimming (project I.) steel 
The ferrite pearlite aggregate vas varied 
SVvstematical means ol nnealing 
normalizing treatments, 
were obtamed between mi ed 
microstructural parameters 
Charp V-notch transition temper 

In stru hye i 
temperature mecresases wit! errite g 
size, peariite patch size, and the relnuted 
par imetet! hie 
relation being strongest } 
SIZ Differences betw he ( B 
series can be accounted tor | es 
in the ferrite grain growth char 
but other factors are operative in the | 
stee] 

In th ) ! ns 
plained in terms of tk 
graphi | eters | ) | } 
eooun rite nad 
fluen th sitior 
which mnot mensured 
microscop evident submicr 
phenomer ire OL Major 
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Th 


temperatur 


effects on thy ( } if} 


produced inves 


microstructural features of mild steel 
studied extensive the 
Naval Research Laboratory. Battell 
and elsewhere Most of this work has 
rned either with 


have beer 


heen Cones 
melts or selected steels especially treated 
to accentuate the 


examined. The object of the 


structura leature 
being 
present investigation was to determine 
to what extent th 


of three ship steels 


Iracture 


properties 
could be ounted 
lor in terms ol 


the 


wrostructural 


parameters hHecessal range 
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microstructures typifving those yuna 
n commercial lates and by ng ob 
tained by simple heat treatments 

In the past, a large number of micro 
structural variables have been suggested 
as potent factors in the fracture proc 
CSS Howeve many of these are 
heg gible portance In th rang ol 
structures under consideration Allen 
Rees, Hopkins d Tipler workil 

th high-} t iron-carl 
\Miatton-Sjoberg and Lindblot it] 
steels conta ss than 0.055 irbo! 
ind Danko Stout th 1025 st 
slow woled fr 300° 
} that wtul i 
nitiated at rite grain boundar 
errite te interface H 

r. an ext inatiol t} 

ition ! and naar 
! ks in tl present ship steels fatlec 
to eal initiation t thes 
nterta 

Anothe ispect of the 1 ro ture 
| h has re letall ( i 
tion is the rl pholog Some 
recent unvestigations his hee d 
rected at tl itionshiy het 

riite spa i transith tel 
tur Although the s son ISLET 
nent about the sign of the change in 
Charpy transit th increasing pr 
te spacing, it. Is lent that. withi 
inge ructure here under dis- 
ussion, t feet is negligible. Thi 
nfluence bid recipitation pro 
luced by sul t heat treatments 
has beet stigated by Bricl 
high-purit re arbon allovs by 
Josefsson ! ommercial grades of 

irbon. ste While in very low 

irbon allo spectacular changes 


transition tel 
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| Methods 
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influence 
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lerrite grain 
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i as established 
ts Work at Bat- 


ted range of heat 


on 


structures, has dem- 
relationships exist 
ind Charpy- 
the 
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erature (at 

ed mild steels. 

obtained by 


the standard 


Wis used, 


the 


nique 
ween transi- 

the 
ting the size and dis- 
ferrite and pearl- 

aqover a range 
s, austenitizing 
Since 


three 


COTLPOsI- 


rates 


taken 
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ts i 


so present. 


supplied in the 
ites, 1OS- x 72- 
hearth 

efully 
ABS Class C 
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production 


heats 


observed 


plates 

ormal 
tured to contorm to 
waution tor ship 
stec! 


ween 


project 
19440 and 


nts PUrpoOses, and 
cated that it has 

ture tendency than 
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Thus, no direct effects due 
were anticipated 4 
It is well ki ; 
tes ; 
ig 
the 
lits i 
Vanderbec} 
In the vrent wok 
V-notch 1 
The relationshi 
fl 
I 
ens were 4 
e Was 
transitior 
The k 
‘ 
ttl 
ot ster 4 
npos 


om 


Impact Prope rties 


Fig. 1 Microstructure of C steel, 
furnace-cooled from indicated austeni- 
tizing temperatures. Nital etch— 
transverse section. X 100 


Specimens of each steel were austen- 
itized in a purified nitrogen atmospheres 
at temperatures in the range of SOO 
1300°C. Inone series the austenitizing 
was followed by air cooling (150° ¢ 
per and in another cooling inh 
the furnace (1.6° C per min 

The Charpy specimens were cut 
parallel to the rolling direction with 
the notch normal to the plate surface 
Twenty to thirty specimens were used 
to obtain the usual energy temperature 
curve and the transition temperature 
was taken at the 10 ft-lb level. In most 
cases, a more precise value of the 10 
ft-lb V-notch transition temperature 
was obtained by further testing in ac- 
cordance with a statistical “stairease”’ 
method, an additional 200 specimens 
being tested in a planned sequence of 
temperatures spaced at 5° C intervals 
near the transition temperature as 
indicated by the original energy. tem- 
perature curve. The analysis of the 
data has been discussed in detail 
elsewhere." 

Transverse microspecimens were pre- 
pared from Charpy blanks representing 
each heat treatment. The quantita- 
tive metallography Wis performed on 
a Hurlbut counter’ by two observers 
who were chosen from six on the basis 
of a latin-square test. The analysis 
of the data was performed in’ most 
cases by the MIT Statistical Service 
using IBM computing machines 

Experimentally, the following mezs- 
urements were obtained: 


L, total ferrite intercept in  milli- 
meters 

Lp = total pearlite intercept in milli- 
meters 


N, number of ferrite grains traversed 
number of pearlite “patches” 


traversed 


and from these the appropriate micro- 
structural parameters were computed. 
The Ferrite Grain Size, n, — Number of 
Ferrite Grains per Unit Volume of Ferrite 

Assuming the ferrite grains are Kelvin 
equi-edged tetrakaidekahedrons which 
completely fill space," 


Ly 


Fig. 2 Microstructure of B steel, 
furnace-cooled from indicated austeni- 
tizing temperatures. Nital etch— 
transverse section. X 100 
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Fig. 3 Microstructure of E steel, 
furnace-cooled from indicated austeni- 
tizing temperatures. Nital etch— 
transverse section. X 100 


Values of m) (grains per mn ire read 
ily converted to ASTM grain size nun 
bers throug! the tabulation viven 
Rutherford, et a It should be noted 
that » s the number of ferrite grams 
per unit volume of ferrite This i! 
be converted to grains per unit volume 
of steel by multiplving by the volume 


Iraction ot ferrite 
The Volume Fraction of Ferrite, V 
and of Pearlite, V; 


These quantities are given direct t 


The Mean Ferrite Path, «,, and «a 


The mean ferrite patl Wis CXpPressed 


in two ways a, Is defined as the mea 
distance between boundaries the 
ferrite, as intercepted along a straight 
line, whether by ferrite-ferrite or fer- 
rite-pearlite boundaries 
Li 
\ 
a; is directly related to the mean grain 
diameter 
d 1.65 a ha 


as IS ck fined iis thy mean distance in 
the ferrite as intercepted along a straight 
} 


line by ferrite-pearlite boundaries (lea 


ing out the ferrite-ferrite boundaries 


Ly 
{ 


The Pearlite Patch Size, 3 

The pat hes assumed various irregu- 
lar shapes. Consequently, the aver- 
age pearlite linear inte reept DO, Was con- 
sidered to be the most appropriate 


parameter 


\ 


The austenite grain size was messured 
by similar methods at the appropriate 
location in end-que nehed bars 
Results 

Photomicrographs of transverse 
tions through representative specimens 
ire shown in Fig. 1-6. In the furnace- 
cooled SCTIOS, nustenite and ferrite 


Fig. 4. Microstructure of C steel, air- 


cooled from indicated temperatures. 


Nital etch—transverse section. X 100 


NOVEMBER 1957 


ey 


‘ 


4 


A 


i 


ws 
rere 


~ 
or 
ry, 


} 


f 


(d) 1250°C 


ty 
in 
4 


00 
(b) 950°C 
VIN 


> 
> | 4 3 
La 
‘ag ¢ & 
r i 
(a) 850 C b 1050° C 
Li é 
i] 
ip +1 4 
, 
33 
a 850°C 
<2" 
(c) 1050°C (d) 1250°C 
Owens, et a Impact Properties : 


Fig. 5 Microstructure of B steel, air- 
cooled from indicated temperatures. 
Nital etch—transverse section. X 100 


grain size increased with austenitizing 
temperature and the — ferrite paths 
@ and a increased accordingly. 
At S50° C the C steel had a much finer 
austenite grain size than the B or FE 
stec] However, all the steels coarsened 
between 950 and 1050° C, and at higher 
temperatures, had approximately the 
same grain size The ferrite grain 
size established furnace-cooling 
paralleled the austenite grain size 

In general, normalizing refined the 
structure, vet the microscopic param- 
eters of the air-cooled series were 
remarkably insensitive to the austeni- 
tizing temperature Widmanstitten 
structures were formed on air cooling 
from 1050° C and above Lower tem- 
peratures produced equiaxed — ferrite 
with the exception of B steel austenitized 
at 950° C which contained some Wid- 
manstatten lerrite 

The measured volume fraction 
pearlite indieated a difference th 
transformational behavior of the steels 
In the C and B steels tir cooling slightls 
increased the amount of pe irlite (Table 
2 In contrast, the pearlite fraction 
in the E. steel was increased by as much 
as a factor of two by altering the cooling 
rate from furnace to air cooling. Pos- 
sibly the higher manganese content ot 
the C and steels rendered them 
relatively insensitive to cooling rate 
This postulation is supported by the 
observation that raising the manganes« 
content decreases the slope of the pro- 
eutectoid ferrite and pearlite C-curves 
in the isothermal transformation dta- 
grams.'” 

Furnace cooling from an austenitizing 
temperature in the range of S5O-1LLS0° ¢ 
resulted in a banded structure in all 
the steels the effect was most pro- 


nounced in the C and B steels 
Microstructure and Charpy 
Transition Temperature 

The 10 ft-lb V-notch Charpy tran- 
sition temperature is plotted as a fune- 
tion of the austenitizing temperature 
in Fig. 7. The furnace-cooled B= steel 
data generally lie about 34° C below 
those of the I. ste« When austenitized 
at ( or higher furnace 
cooled, the C and B steel results almost 
coincide However, the fine-grained 


Fig. 6 Microstructure of E steel, air- 
cooled from indicated austenitizing 
temperatures. Nital etch—transverse 
section. X 100 
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Table 1—Chemical Composition and Engineering Properties of Steels 


Designation Vn 


P 


ABS Class C 2) 0 62 0 O14 


ABS Class B 0 16 0 69 0 OM 


Project Steel E (). 29 0 36 0 O16 


Room-Temper 


point, 10° ps 

Lower 
ABS Class C 
ARS Class B 


Project Steel | 


Mi 


d 1 
1 0 O12 
022 0 O2S () 042 


O02 O17 0 OLS 


(steel specimens austenitize 
the coarsening temperature 
S50 and 950° ©) had a mue 
transition temperature than ste 
specimens with the same heat treat- 
ment I all cases, changing fron 
furnace air cooling decreased the 
transition temperature The improve 
ment in the I. steel air cooled from 950 
C was particularly marked 

When compared on the 
tenitizing temperature 
data for the three steels are wel 
rated. To determine whether thes 
differences can be accounted for b 
differences in the microstructural param- 
eters, the Charpy data ir plotted 
against each of th parameters mn 
turn. Here, the microstructural param- 
eters are those measured perpendicu- 
lar to the plate surface, that is, in the 
same direction as the V-notch f the 
Charpy bar This selection was sug- 
gested by the results of Harris and 
co-workers” who, using low-energy re- 
peated blow tests, showed that the 
crack initiated near the root of the 
noteh and spread laterally before 
propagating catastrophically across the 
specimen. It was found that this 


Table 2—The Volume Percentage of 
Pearlite in Air and Furnace-Cooled 
Specimens 


Lusleni- 
ng ne pe 
mpera- pea 
lure, Furnace 
cooled 
S50 17 0 
950 14 7 
1050 
1150 
1250 
S50 
950 
LO50 
1150 
1250 
850 
950 
L050 
1150 


1250 
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orrit ters n, 
m strenoul tion area 
94 (0) 6S 4 9592 65 4 
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in Fig. 9 were cal- 
lated ! the 
method of treating the data gave better | cect 
orrelations thar hen they rostruc Gt 4 thea 
tura mrametel vere averaged tx temper 
thee’ dicular parall th the paramet 
directions hao r the over-s trends | 
vere not materia affected n through the y 
In Figs. 8-12. the 10 ft-lb Charp are 
furnace-cooled series increas 
with 7 a 3, austenite incetiol i the f 
grain Siz These trends were ex Fis. 
pected because the transition tempera his series \ + 
ture and the MICcroscopic Daral thes; thr 
eters all increase with austenitizing sed in the plots is 
temperature eter hor t 
tral grains pel il 
COor- be present i ster 
eX- structure 
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ASTM Grain Size Number Both high- and low-transition tempera- 


40 5.0 60 7.0 80 90 10.0 The) tures were observed with a given degree 
T T T of banding (Fig. 13), from which it is 
inferred that any effeet due to banding 
Is masked by other more powerful 
40r fluences, This also suggests that the 
parameters ay and 3, used to messure 
the banding, are of secondary 
portance. This view is substantiated 
© 20 { by the fact that the transition tem- 
perature showed only general trends 
3 | with changes in these parameters (Figs 
B Stee 10 and 11) and no consistent functions 
Another secondary factor the 
volume fraction of pearlite (Vp) which 
| except for the air-cooled specimens 
| Furnace cooled, equiaxed ferrite treatment (Table 2). The rol 
a & Air cooled, equiaxed ferrite pearlite is discussed late 
A Widmonstorren territe By It appears that the dominant micro- 
As received C Steel structural feature is the ferrite gran 
Empirical regression tine for io) YY size, and henee, my and a, are the most ' 
furnace cooled specimens only mw NY suitable parameters with which to di 
60} ‘ scribe the Charpy behavior. Log 
a) Is preferred because for the furnace- 
cooled series, the relationship is linear 
30 “a 5.0 6.0 over a wide range of austenitizing tem 
LOgig Of Number of Ferrite Grains Per (NY) peratures, 
Fig. 8 Relationship between ferrite grain size and Charpy transition ter 
temperature (10 ft-lb level) assembled in terms of the ferrite grau 
size ny. Comparing the furnace- 
represented by the regression lines 
titative studies of the relationship have is comparable with Fig. 8S. The transi- and air-cooled results for any one ste: 
been reported Obvious austenite tion temperature  mereases with in- the following generalizations emerge 
cannot have direct effeet, but the creasing austenite grain size in a roughly | In air-cooled specimens wit 
austenite grain size could be a com- linear fashion. However, the seatter equiaxed ferrite structure, the transition 
posite parameter reflecting the influence in the data is appreciably greater than temperature was lower than that of 
of its progenies, ferrite and pearlite in the corresponding ferrite grain. siz furnace-cooled specimen of the sam 
In Fig. 12 the transition temperature plot grain size. This effect was very pro- 
is plotted as a function of the logarithm The presence of pearlite banding nounced in the rimmed Ek steel and we 
of the number of austenite grains pet was not an over-riding taetor ino in- defined in the killed Co steel In. the 
cubic millimeter, and, thus, the plot fluencing the transition temperature semikilled B steel, because of a strong 
tendency for Widmanstiitten structures 
, to form, only one equiaxed air-cooled 
specimen was obtained (S50° C), whi 
showed no improvement transitior 
temperature other than that produce 
by the grain refining effect of the faster 
cooling rate. 
4 2. The transition temperature of an 
air-cooled specimen with a Widman- 
. 20L J stiitten structure was higher than that 
of furnace-cooled specimen thy 
equivalent grain size. All three ste 
s showed this effect clearly and to about 
. the same extent. 
3. The as-received specimens had 
5 roughly the same transition tempera y 
ea tures as those of furnace-cooled speci- 
> B As Received mens of the same grain size. 
on |The difference between air-cooled 
wm Figure 8 and furnace-cooled specimens with equi- 
- pee axed ferrite structures was not due to 
O E Stee! changes in the pearlite. The volum 
| | fractions of pearlite are listed in Tabl 
| 2. The improvement in fracture prop- 
3 ' 2 4.0 6.0 8.0 10.0 erties on air cooling was accompanied 
Mean Ferrite Poth a, ,mm x10? by an increase in the amount of pearlite 
Fig. 9 Charpy transition temperature (10 ft-lb level) as a function of the mean which should act in the opposite direc- 
ferrite path «. Furnace-cooled series only tion. Thus, comparing specimens at 
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the same grain size and percentage 
pearlite, the decrease in transition 
temperature on air cooling would be 
even greater than that indicated by 
Irig. S. 

The increase in transition tempers- 
ture with the uppearance ol Widman- 
stiitten structures was accompanied by 
an increase in the amount of pearlite 
On changing from turnace cooling to 
air cooling, the volume fraction of pear- 
lite increased markedly in the I. steel, 
slightly in the C steel, and was almost 
unchanged in the steel Table 2). 
Yet, an increase in transition tempera- 
ture on changing from equiaxed — to 
Widmanstdtten structures cooling was 
observed in all the steels. Consequently 
it appears that the attendant variation 
of the pearlite fraction was not the 
primary cause of the increase in tran- 
sition temperature. Within the range 
of treatments producing Widmanstatten 
structures, the microstructural param- 
eters showed very little dependenc 
upon austenitizing temperature, but 
the variation in transition temperature 
was appreciable. In part, this may 
be accounted for by slight changes in 
the morphology of the Widmanstitten 
structure which were not reflected in 
the measured parameters. However, tt 
seems improbable that this is a com- 
plete explanation. 

In summary, air cooling changes thi 
transition temperature in a way that 
can be explained only partially — by 
changes in the gross microstructure 
Thus, it is concluded that substructural 
effects are an important feature of this 
phenomenon. An electrolytic polishing 
and etching technique, which was de- 
veloped to reveal substructure in single 
crystals of ferrite, was tried on a num- 
ber of air-cooled and furnace-cooled 
specimens, but the results were incon- 
clusive Further elucidation of this 
problem must await the development 
of new techniques for examining sub 
structure in polverystalline metals 

The difference the regression 
lines for the C and B steel furnace- 
cooled series is not considered to be 
significant. Within the limits of ex- 
perimental error, the two steels dis- 
play essentially the same variation 
of transition temperature with ferrite 
grain size. The lower transition in the 
C steel specimens austenitized at tem- 
peratures below 1050° C ean be quan- 
titatively expla ned in terms of the 
resulting ferrite grain size which is 
much finer in the C than the B steel 
The propensity ol the C steel to form 
fine-grained structures is also evident 
in the air-cooled series. The fine grain 
size 1s undoubtedly one of the factors 
contributing to the very low transition 
temperature obtained by air-cooling 
C steel from 850 or 950° C. Even in 
the specimens with Widmanstitten 
structures, the C steel has a finer struc- 
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Fig. 10 Charpy transition temperature (10 ft-lb level) as a function of the mean 
ferrite path a». Furnace-cooled series only 


ture and lower transition temperatur glig changes in ferrite 
than the corres gy B steel specimen par ters but reciable variations 
For the furnace-cooled series, the n pearlite volu ith saustenitizing 
IS steel transition temperature is about temperatul i! bserved, it has been 
10° C higher than for the C or B steel est ted that inge in pearlite 
of the same ferrite grain. siz Tw produces al it O.6° © change in tran- 
roscopic features of the E steel ma sit t ratul Thus, Wf it Is as- 
ontribute to this difference, a 7% stimate is applicable 
crease in the iverage pearlite volumy t thie rl series, less than 
ind the presence of nitride needles in » & the 40° C difference can be ac- 
the ferrite Attempts have been mad munted the 7°, increase in the 
to assess the proportion of the 40° ¢ mn Iraction of peariite 
change in transition temperature which Nit | re foun ias-received, air- 
in be attributed to the pearlite effect i irl ( steel by 
B onsidering t wled I I mens which had 
| 4 
Oj 
c 
— 
B 
tee 


Fig. 11 Charpy transition (10 ft-lb level) temperature as a function of the mean 
pearlite linear intercept 3. Furnace-cooled series only 
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Fig. 12 Relationship between austenite grain size and Charpy transition tem- 
perature (10 ft-lb level). Furnace-cooled series only 


Fig. 14 Microstructure of slowly- 
cooled E steel showing nitride needles. 
Electrolytically polished and etched. 
X 1500 (reduced by | , upon repro- 
duction) 


been prepared by electrolytic polishing 
and etching. Well-developed needles in 
re slowly-cooled specimen are shown in 
Fig. 14. The nitrides were highly seg- 
regated, although the concentration 


a 
2 pattern did not appear to be related to 
- the plate location. For this reason, it 
ec was not possible to obtain a significant 
measure of their volume fraction. An 
extensive search of C and B steel speci- 
- mens prepared in the same manne! 
c failed to reveal any ey idence of nitrides 


Due to the lack of quantitative data 
no estimate of the magnitude of the 
effect of nitrides on the transition tem- 
perature of the E steel was possibl 
Thus, it is evident that the differ- 
ence in chemistry between the Estee! 
and the C and B steels produces a 
difference in the transition temperature 
which cannot be accounted for by ferrite 


grain size or pearlite volume effects, 
but which may be due partially to th 
presence of nitride needles. However, 
there is a strong possibility that un- 


known submicroscopic offs cts also con- 


eqree of Banding tribute. 
Fig. 13. Charpy transition temperature vs. parameters indicating Conclusions 
the degree of banding. Furnace-cooled series only 1. Correlations between microstruc- 
510-s Owen, et al. Impact Properties WeLDING RESEARCH SUPPLEMENT 
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ture and V-notch Charpy transition finer structure r roduced i th J 7 
temperature exist only when the com- ( steel by all treatments in which the R. D., and 
position and cooling rate are defined maximum temperature is below the Mf 1, p. 233 
2. In annealed structures, the ferrite oarsening temperature The rimming 
grain size is the major microstructural teel has an appr Div greater tend W Pure Wetpine 
parameter determining the transition to brittleness in a mditions 
temperature The ferrite parameter a though, when compared at the same 174, 
and the pearlite parameters seem to lerrite the difference 
have a secondary influence minimized by air cooling from S50—-950 
3. Ferrite and pearlite banding in ( The inferior properties of the 1 | = 
annealed structures does not play a steel cannot r Inted Tor in terms it t the Natior 
major role in the fracture behavior of the ferrite and pearlite parameters 
1. The transition temperature of The effects of t hange in chemustr 
annealed specimens shows the same ire. probabl roscop in part ) 30, 48 
general trend with both austenite and but. unfortunat the situation is : 1SM. 46, p. 1527 
ferrite grain size. However, the cor- omplicated by the presence of nitrick : | 
relation with austenite grain size is less needles in the IE steel which makes im- 46 7 4). ; 
significant practical an juantitative assessment | No. SS 1 
5 Provided the ferrite structure of the relative magnitude of the micro- 
remains equiaxed, increasing the cooling scopic and submicroscopic effects 157 
rate from furnace to air cooling de 157 ‘7 eck 
creases the transition te mperature the | igment 162 : 
comparison being made between speci- The work was supported by the Ship 1 M Sc.D. Thesis, MIT 
mens of the same grain size structure Co tt inder Bu 1 Ol eos 
6. When air cooling produces Ships Contract Nobs-6591S and und B, 172 
Widmanstitten structure, the transition the cognizance of the Committee on Ship 197 8 pi 
temperature is higher than that of a st of the Nationa \cadem O 
furnace-cooled specimen of the equiva- Sciences National Research Counc 
lent grain siz \ssistan th thoratory Work Atlas Iso- 
7. The effeets produced by chang- Vas provided | R. ¢ Whittemor 87 (19 salons 
ing the cooling rate are partially sub- 1) Howe nd | Keplit \I t, J. A 
5 \\ 30, 417-s 
microscopic in origin. Yoffa and L. ontribut 
S. Differences in Charpy transition some OF the MIcCroscoy lata 
between the killed ( steel ind sem R ference » ¥ mar 
killed B osteel arise primarily because SSC-102 1956) 


RELATIVE BEHAVIOR OF NOTCH-TOUGHNESS 
TESTS FOR WELDED STEELS 


Paper by W. J. Murphy, W. D. McMullen and R. D. Stout appeared in the June ? 
1957 issue of The Welding Journal, 36, Research Suppl., 307-s to 311-s : 


DISCUSSION BY W. S. PELLINI and P. P. PUZAK 


In their paper, Messrs. Murphy, Me: rather than by any disagreements witl thes relative quality of 
Mullen and Stout have provided va the same thes . evaluated only in 
unable information concerning the re The statement regarding the require- ter tr t t vratures below 
lationships of various tests including ment of Kinzel test results to be con the NDT { etal. It is for 
the drop weight, Kinzel and Charpy \ trolled by propagation in the base met t] that i ir work with weld- 
The discussers are pleased to note that for correlation vith the nil ductility t 1 vl) st e choose to eval- 
the results are in general agreement temperature (NDT) deserves additional t or heat-affected zone brittle- 
with the Naval Research Laboratory omment because f its basic impor ! s tests featuring biaxial 
NRL) concepts; our comments are tance It should be understood that i:ding sion-bulge test). It is 
prompted by a desire to clarify and the weld or heat-affected zone may be met s found that a weldment breaks 
expand on certain of the conclusions quite brittle at a temperature such that ! brittle nner along the weld on . 
W. 8. 1 S the base metal it s ductile. Under heat-affecte ne while the plate r 
Division: P. P. Puzak is Head, Welding S ul nditions. ¢ Ix tect cannot t 
Metal Processing Branch, U. & Naval Reseat 
Waskinetan. evaluate su zones of brittleness n nelu meerning correla- 
NOVEMBER 1957 Discussion Volch Toughness 1-s 
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tion of NDT with Charpy V_ 10 ft-lb 
transition appears to present a better 
case than that which ma be gssessed 
when one fully reeognizes the spread of 
the seatterband within which correla- 
tion exists. As deduced from previous 
NRL work, a spread of 75° F (on ab- 
ssa) and 50° | on ordinate) is ex- 
peeted when an invariant value such 
as 10 ft-lb is taken for correlation pur- 
Whereas steels with good notch 
ly have the NDT ap- 

Charpy \ 
10 ft-lb transition, the opposite is not 
relatively 


Toughbhess generally 


weciably higher than the 


ilwavs true of steels with 


wor noteh toughness. For example, 


eavy plates and forgings of A302 and 


other low-n 


llov steels mins show high 


transition temperatures and correlation 
of NDT to values considerably above 
10 ft-lb 

irding the effects 
NDT is 


Here again amplifica- 


The conclusion reg 
of postheat treatment on 
correct as stated 
tion is required f the significance of 
the statement is to be fully appreciated. 
If the heat-affected zone is made more 
as stated by 
the authors, the test obviously 
hot work 
‘ Kample when one attempts to ce posit 


notch tough by welding 
does 


Such a condition is met, for 


AUTHORS’ CLOSURE 


The authors wish to thank Messrs. 
Pellini and Puzak for the 
discussion presented above 
like to comment briefly on it. 

The statement is made by the dis- 
cannot 


interesting 
and would 


Kinzel test 
be used to evaluate the notch toughness 
of the weld or heat-affected zone when 
these zones are brittle at temperatures 
etal itself is ductile. 
This statement is true if Kinzel test 
performance 1s based entirely upon a 
lateral-contraction transition tempera- 
ture such as 1°) lateral contraction. 
the authors in recent vears 


extent 


However 
have relied to i vreat 
Iracture patterns pro- 


upon 
analysis of the 
duced during the failure of Kinzel speci- 
mens to supplement lateral contraction 
measurements. Through such an anal- 
vsis the quality of the 
affected zone can usually be evaluated. 
The use of this technique is reported in 
Tue Wetpinc Journat, 35 (4), Re- 


search Suppl. 169-s to (1956). 


weld or heat- 


o12-s 


the brittle weld on a quenched and 
tempered (Q & T) steel ot high hard- 
ness: here the outer edge of the heat- 
affected zone is tempered to low hard- 
notch ductile. 


Such a probl m is not met with conven- 


ness and made more 
tional quenched and tempered steels 
used for welding of large structures 
tempered to low 
as to develop 


In our work 


which are hardness 
high temperature) so 
maximum notch ductility 
to establish NDT for 
steels, the crack-starter weld is placed 
on the specimen before conducting the 
heat treatment. The A802 retempering 
effect is, as pointe | out, a special case. 
In the as-welded condition the heat- 
affected zone is more brittle than the 


high-hardness 


priate henee corre sponds to the equiv- 
alent of a wider brittle weld 
the tempered state a ductil 
deve loped. Another Cust 

caution in the application of the brittle 
relates to cold-worked 


as cold-rolled bar stock). 


while in 
region is 
requiring 
weld heavily 
steels (such 
Here it is possible to reervstallize the 
cold-worked metal in the heat-affeeted 
zone and thus develop a region of im- 
proved ductility. 
readily 


exe ( pt lor suc h CHSeCS 
be rationalized in 
the re should be 


which may 


metallurgical terms 


The authors do not feel that the rea- 
son for the NDT being lower on near- 
static tests than on the standard test 
is stress unloading per se. It is believed 
that this arises from the difference in 
the amount of energy available to prop- 
agate the cleavage crack initiated in 
the brittle weld nit tal, this be ing higher 
in the case of the dynamic test. Thus 
for either near-static or dynamic drop- 
weight tests, the NDT is the tempera- 
ture below which the cleavage crack 
initiated in the brittle weld metal can 
propagate through the entire specimen 
without changing appreciably to shear. 
A second important effect is contributed 
by the reduction of strain rate. 

The question as to whether the drop- 
weight test is an initiation or a propaga- 
tion test needs clarification. If it is 
agreed that in this test the base metal 
is presented with 
crack from the brittle weld metal, then 
the plastic deformation 
specimens tested above the NDT can 


“a running cleavage 


observed in 


Notch Toughne SS 


Discussion 


no concern with the effects of the heat- 
affected zone as long as a stress-relief 
or tempering treatment is not applied 
to the test specimens. It should b 
re-emphasized that no siress-relif treat- 
ment should be given to drop-weight test 
specimens before testing 

We have discussed the reasons for 
NDT being lower on near-static rate 
loading in THe JOoURNAI 
31 (12), Research Suppl. 561-s to 
5Sl-s (1952). Basically, this is the 
result of stress unloading. The only 
point of disagreement involves the de- 
scription of the standard drop-weight 
We rest our 
case that it is an initiation test not only 


test as a propagation test, 


on our analysis of the mechanics in- 


volved (THe JourNAL, 33 
(10), Research Suppl., to 495-s 
(1954) and 35 (6), 275-5 to 290-s 


(1956)), but what is more important 
on numerous correlations with service 
failures involving initiation areas and 
propagation areas. In all cases the ori- 
gin points of the fracture (initiation 
were found to be below the temperature 
defined as NDT while propagation Cases 
have been found above this tempera- 


ture 


arise only as a result of the inability 
of the crack to propagate 
Below the NDT, the crack propagates 
through essentially the entire specimen 
in cleavage, thus producing very littl 
plastie deformation. The work don 
by the authors further substantiates the 
that the drop-weight test 
Examination of 


in cleavage 


viewpoint 
is a propagation test. 
the fracture surfaces of specimens tested 
in the absence of the “stop” which 
limits total deflection to 0.3 in. reveals 
that just above the NDT the cleavage 
crack after entering the base material 
changes to shear along the entire crack 
front, and that complete failure of the 
specimen is a result of the “forcing” 
of the shear crack through the remaindet 
of the specimen. 

The reason that the NDT correlates 
with service failures involving the initia- 
tion areas is a result of the fact that 
cleavage cracks initiate in 
areas through which they cannot prop- 


cannot 


agate, 
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TWECO'S laminated 


glass cloth insulation 
with melamine resin 


and only TWECOTONG has it! 


Tip insulators on your electrode holders take an awful beating 
Searing arc heat causes most materials to carbonize quickly and 
conduct current, destroying their insulating value. Slam-bang 
handling and dropping soon cracks and shatters brittle 
insulation. Only SUPER-MEL has proved its ability to stand up 
in tough are welding service. This fireproof insulation is 

built up of many layers of strong, woven glass cloth, laminated and 
bonded together under great pressure with pure melamine resin. 
It will never char or carbonize. It will remain sound for 

month after month, in spite of hard service and 

abuse. Standardize on SUPER-MEL .. . exclusively yours 

on TWECOTONG electrode holders. 


SEE YOUR LOCAL WELDING SUPPLY DISTRIBUTOR 
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=©INDUSTRIAL GASES 
FOR YOUR FUTURE 


| OXYGEN... 
NITROGEN... 
ARGON... 


To help supply the ever-increasing demands for The goal of this expansion effort is to gear each 
industrial gases, Airco is forging new links to a Airco plant to serve the needs of its own area— 
growing chain of producing plants criss-crossing and also to support the customers of any Airco 
the country. Some of these new facilities are plant in an adjacent territory by providing 
already in operation, others will be in operation deliveries of the industrial gases needed in the 
by the latter part of this year. This multimillion quantities required. 

dollar construction program will greatly increase The services Airco offers its customers are well 
our capacity to supply your present and future worth your consideration. Let your nearest Airco 
requirements for oxygen, nitrogen, argon and office help plan the most economical gas supply 
other gases. for your needs and the most efficient way to use it. 


On the west coast 


AT THE FRONTIERS OF PROGRESS YOU'LL FIND... 
S 
Air Reduction Pacific Company 


Air REDUCTION SALES COMPANY Internationally 
Airco Company International 


In Cuba 
Cuban Air Products Corporation 


A division of Air Reduction Company, Incorporated 
® 150 East 42nd Street, New York 17, N. Y. in Canada 


Air Reduction Canada Limited 


Offices and dealers in 
most principal cities 


ais * PURECC 


Products of the divisions of Air Reduction Company, Incorporated, include: AIRCO — industrial gases, welding and cutting equipment, and acetylenic chem 
— carbon dioxide — gaseous, liquid, solid (‘‘DRY-ICE’') » OHIO — medical gases and hospital equipment « NATIONAL CARBIDE — pipeline acetylene and calcium 
carbide * COLTON — polyvinyl acetate, alcohols, and other synthetic resins 
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